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PKEFACE. 



The eoQtenta of this voluma were not intended for publi- 
cation in their present form ; having been arranged specially 
with regard to the limited time allowed, for instruction in 
this branch of their studies, to the Cadets of the United 
States Military Academy, 

In this arrangement, the chief object had in view has been 
to enable the pupil to examine intelligently the productions 
of others, and to present his own ideas understandingly. To 
effect this, the attempt has been made to give, ia as concise 
a form as practicable, the general principles of Permanent 
Fortification, and their applications, as presented in the writ- 
ings and practice of military engineers whose works are 
accepted as professional standards. 

Particular prominence has been given to Xoizet's Method 
as an instructive elementary exercise ; both as to the manner 
of combining the elements of a bastioned front, and of 
delineating with accuracy its various details. 
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PEKMANENT FORTIFICATION. 

CHAPTER I. 

TSmERATIONS 
F FERMANEH 

flea its objects and meanaof attammeiit (Art. 1). — Deecrip- 
d of tlie usuhI geueral prolile (Art. 6).^Dcecripl;lan of 

ec iQ d 11 d p ofile (Art. 8). — Commami (Art. 0).— Descriplion and 
dic ■« Bcarps (Art. 10). — Oounwrscarps (Art. 11). — Ditch (Art. 

2 — F ra (Art 13). — General remarks ou the (ieiieral prolile 

A ) — ''se of open defences (Art. 16). — Loop-holed .walls (Art 
) — E\ ridora (Art. 11}. — Barbette batteries (Art. 18). — Em- 

b te ea (Art. I9).~Mfloliieouli defences (Art. 20).— Detached 

Bcarp w (A 1). — Semi-letached scarp wails {Art. S2). — Scarp gal- 
( 2 ) —Counterscarp galleries (Art. 24),— Bastion nets (Art 

26).— CaponuiSre defences for enceinte ditch (Art. 26). — Oeneral Reiuarka 
(An. 21).- CnaemalBs oa land fronts (Art. 28),— Mortar casenistes (Art. 
29).— Casemalea for water fronts (Art. BO).~Bml>rasures of caaeinnte* 
(An. 31).— liomb-proof buildings (Art 83).— Powder ma^nines (Art. 
■JS). — General remarks on commnnicationB (Art. Si), — Particular condi- 
tions tlint commnnlcallons should aatiafj (Art. 3S). — Ramps (Art. 36). — 
Stairs (Art. 37).— Posterns (Art. SB)— Gateway (Art. 39).— Port-Cull is 
(An. 40).— <!lasaes of enedntes (An 41). — Systems and methods of forti- 
fication (Art 42). — General remarks (Art. 43). — General remarka on 
outworks (Art 44). — General conditions outworks should Batisfy (Art 
45)._ClHaaea of outworks (Art. 4B).— Covered- way (Art 47).- Places 
of arms (Art 48).— Traveraes (Art 49)— Teoaille (Art 50).— Demi-luoo 
(An, 51).— Countei^uard (Art 53).— Eedoubts (An. 53).— Tenaillon 
(Art. 64). — Horn-work (Art B5). — Crown-work (Art. 56). — Advanced 
and detoebed works (Art. 57),— Interior retrencbmenls and cavaliers 
(Art 60). 

I. 



PKELIMISART CO^■SI 



1. The term permanent fortijication is applied to tliose 
drfeiices wliicli, constrncted of materials of a durable nature, 
and designed for permanent occupancy hy troopa, i-eceive 
siicli a degt'ee of strength that an enemy will be forced to 
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2 ELEMEKTS OF PERMANENT FOETIFICATION. 

the operations eitJier of a siege or a blockade, to gain pos- 
Beesion of them, 

2. These defences differ from temporary fortification but 
in degree ; the general principles of defensive works being 
alike applicable to both. 

3. The object of such defences is to secure the permanent 
military possession of those points, either on the frontiere, or 
in the interior of a state, which must, at all times, have a 
well defined bearing on tlie operations of a defensive or an 
offensive war. 

4. For the attainment of this object, the following gene- 
ral conditions should be fulfilled in the arrangement of such 
defences : 

Ist. They should be of suffident strength to resist with 
sucoees all the ordinary means resorted to by an assailant in 
an open assault. 

2d. Be provided with suitable shelters to protect the troops, 
the armament, and the inagasinea of provtaiona and mitni- 
iions of war regwi/red for their d^ence (u/ainst the destruc- 
tive measierea of tite assailant of every description. 

3d. Besoplannedithaievery point exterior to the defences 
within cannon range shaU he thoroughly swept hy their fire. 

4th. Have secure and easy means of comnvunication for 
the movements of the iroqpa, both within the defences and to 
the eseterior. 

5th. And,JmaUy, le provided with all suck accessary de- 
fensive m,eans as the natural features of the position itaelf 
may afford, to enable tJie ga/rrison to dispute with energy the 
occupancy by the assailant of every point both within and 
exterior to the defences. 

The defensive branch of the military engineer's art con- 
sists in a knowledge of tlie means which are employed to 
fulfil the above conditions, and of tlieir suitable adaptation 
to the natural features of the positions he may be called 
U]>on to fortify. 

II. 

COSirONEXT ELEMENTS OF PERMANEST WORKS. 
OKNEEAL PKOriLE. 

5. The first condition laid down for permanent defences, 
security I'rom open assault, sujiposes a strength of profile 
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ELEMENTS OF PERMANENT FOETIFICATION. 6 

gi-eatly siiporior to tliat which is given to temporary 
works. 

6. The uaual and most aimple form of profile for perma- 
nent works consists of a rampart ; a parapet ; and a ditch, 
the searp and eount&rsoarpoi which are faced with steep walls 
oi stone or hrick, and exterior to which a glacis is usually 
thrown up. 

When t!ie ditch contains at all times a depth of water 
sufficient to prevent its being forded, the ecarp and coun- 
terscarp may be simply slopes of earth like those of field 
works ; as the water, with ordinary vigilance on the part of 
the defence, will give security from surprise, and all the 
other ordinary means of an open assault. 

The Rampart, a, PI. S, Figs. 4, 6, is an earthen mound, 
raised above the natural level of the ground, and upon 
which the parapet e is placed, 

The rampart thus serves to give the troops and arma- 
ment, which are placed on top of it and behind the parapet, 
a commanding view over the ground to be guarded by the 
fire of the defences; whilst, at the same time, it increases 
the obstacle to an open assault, by the additional height it 
gives to the scarp. 

Tlie top surface of the rampart, b c, in rear of the 
parapet, termed the terre-plein-, lufords the troops and arma- 
ment a convenient position for circulation from point to 
point, where they are sheltered from the direct views of 
the assailants' fire. 

The rampart is usually tenninated on the interior, a b, 
by allowing the earth to assume either its natural slope, or 
one somewhat less steep, and which is termed the rampart- 
slope. 

In cases where tliis slope would take up too much of the 
ground within the defences it is replaced oy a wall, termed 
the parade-wall, which rises from tlie level of the interior 
gound, termed the pa/rade, to the interior line of the 



Inclined planes of earth, termed ramps, lead from the 
parade to the terre-plein, being placed against the rampart- 
slope, or the parade-wall. The ramps are, in some cases, 
terminated, inwai-dly, with the same slope as that of the 
rampart ; in othe s, this slope is replaced by a wall, which 
rises to tlie top surface of the ramp, or a little above it. 

7. The Parapet, serving the same purposes in permanent 
as in field works, receives the same general form as in the 
latter. 
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4 ELEMENTS OF PEHMANENT FOETIFICATIOX, 

In some cases the exterior slope, PI. 3, Ft". 12, is re- 
placed by a wall, which, resting on the top of the scarp 
wall, rises to the level of the superior slope. 

The exterior slope of the parapet usually rises from the 
top of the scarp wall, leaving a narrow berm between it 
and the scarp, or face of the wall. 

In some cases, however, it is thrown so far to the rear of 
the 6cai"p, PI. 3, Figs. 9, 10, ns to leave sufficient room for 
a communication c, in front of the parapet, in which tho 
troops can circulate under cover from fire, being masked 
eitlier by an eai-then parapet, or by a. wall, d. This covered 
communication, c, is termed an exterior corridor or chemin- 
de-rondes. 

The essential properties of the parapet, as in field works, 
are to afford cover from the enemy's missiles, and every 
facility for sweeping his positions by the fire of its artillery 
and email-arms. 

To afford cover against the heaviest gnns that can now 
be brought to bear with effect against a parapet, a thick- 
ness of 27 feet for ordinary earth, and of 23 feet wlien 
either pure sand or a soil with a large proportion of sand 
is used, would, from the more recent experiments on the 
penetration of projectiles, seem to be amply enfticient. 
The most of the parapets of existing works have received 
only from 18 to 20 teet, and these will doubtless be found 
to gire efficient cover against any ordinary attack. 

In small works of less importance and not liable to be 
breached, the thickness may be reduced to 13 or 15 feet. 

For the superior slope, the rule, so long in use, of making 
it six base to one perpendicular, or ^, is still generally 
followed. 

Tliis rule has not been adopted because cannon cannot be 
fired under a greater depression than J, although from the 
inconveniences attending greater depressions than this, 
artillerists are unwilling to resort to them ; but from a 
greater depression necessitating the employment of very- 
deep embrasures, or else that of platforms raised so high to 
the rear, that the men serving the guns will be very much 
exposed to fire. 

Still, where a greater or less plnnge is necessary, to bring 
the exterior ground better under fire, it should be adopted ; 
as it is to be observed, that the sti-ength of the parapet, at 
the angle of the interior crest, should be increased where 
the assailant can have a plunging fire on it ; whereas, when 
exposed to a fire from a level much below this crest, the 
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ELEMENTS OF PERMANEHT FOETIFI CATION. 5 

angle at it; will be less exposed, and the plunge of the 
parapet can be increased witiiout injury. 

Until within a recent period, the interior slope, the ban- 

Suette and banquette elope received the same tbrins and 
imensions as in tieid works ; the top of the rampart falling, 
from the foot of the banquette Blope to the crest of the 
rampart slope, one foot, to drain off the surface-water. 

8. At present, the profile most generally adopted for this 
part of the parapet and rampart is the one shown in PI. 3, 
rig. 4, in which the portion of tlie top of the rampart for 
a distance of 15 feet back from the interior crest is held on 
a level of 6f feet below the iiitei-ior crest, and serves as a 
general barbette for heavy guns ; whilst the remaining 
portion of the top surface is placed at a level of 8 feet 
below the interior creat, and made wide enough to serve as 
a roadway in rear of the general barbette ; the two levels 
being connected by a elope of ^ or -1; and the roadway 
receiving a slight pitch to the rear for drainage. 

In the older works, the terre-plein received a breadth of 
from 40 to 50 feet, estimated between the interior crest and 
tlie exterior line of the terre-plein. For motives of 
economy, and sometimes to enlarge the parade, this breadth 
was reduced to 20 or 24 feet, and a parade wall substituted 
for the rampart slope. 

In the later profile, the interior slope is {, and has 
a banquette tread of only 2 feet, with a bang^uotte slope of 
only \. "Where guns are mounted either in barbette or 
embrasure, the interior slope is increased to ^, and the ban- 
quette and its slope removed ; the earth taken off by these 
modifications serving to form the merlons between the 
shallow embrasures cut into the parapets. 

When the foot of the exterior slope rests on the top of the 
scarp wall, a berm of 2 feet in breadth ia left between it 
and the edge of the coping. This breadth of berm is ob- 
jectionable, as giving a good landing-place for a scaling 
a in an open assault ; and it is proposed, when the 
is in danger of an attack, to reduce the berm to 18 
inches or one mot, by increasing the thickness of the para- 
pet 6 inches or one foot. 

The exterior slope, for the reasons given iu discussing the 
parapets of field works, should not be less, on land fronts, 
than the natural slope of the earth of which the parapet is 
formed. In sea-coast works, where the parapet is nigh, 
and can be reached, within cannon range, only by elevating 
the guns of the ships, the exterior slope may be replaced 
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6 ELEMENTS OF PERMANENT FORTIFICATION. 

by a vertical revetment of stone, or one of sods with but 
a slight inclination, as, from the direction of the fire, this 
facing, even if partially destroyed, wil! not cause such 
■weakness in the parapet as to expiJae the troops. By using 
a facing of this kind the parapet ■will occupy leea room and 
leave more interior space, which in small works is often 
desirable. 

9. The command, or height of the parapet above the site, 
has a very important bearing in the defence of permanent 
works. 

In the first place, the greater the command, the greater 
■will be the plunge of the guns on the exterior gronnd, and 
the more difficulty will the assailant meet with m obtaining 
cover in his trenches from this plunge ; being obliged to 
make them deeper than usual, and to increase tiie height 
of their parapets. 

In the second place, having to fire under greater angles 
of elevation, as the command is greater, the plunge of his 
shot, when his enfilading batteries are brought near the 
work, becomes so great that the balls will not ricochet, and 
the effects of his tii'e will thus be lessened. 

Motives of economy, however, require the command to 
bo restricted within quite narrow limits. Wiien the work 
consists of a simple enceinte enveloped by a covered way, 
the command may be reduced to 16 feet ; allowing a com- 
mand of 8 feet to the interior crest of the glacis over the 
site, and a height of 8 feet to the interior crest above the 
coping, which, with the rest of the scarp wall, to be masked 
by the glacis, must not rise above the level of its interior 
crest. When tliei'e are otiier outworks besides the covered 
way in defensive relations with the enceinte, the latter can- 
DOt receive a command over t!ie site of less than 20 feet, in 
order to give it a suitable command over the whole of the 
outworks. 

10. Scarp. A scarp wall 30 feet hi^h is usually admit- 
ted as a sufficient protection in dry ditches against an esca- 
lade. 

This rule, drawn from the experience of sieges, and the 
opinions of the most eminent engineers, seems a safe one ; 
emce to scale a wall of this height would require ladders 
of sufficient lengtli to enable the men who ascend to step 
from the ladder, when planted securely against the wall, 
on the coping, and of sufficient strength to bear the weight 
of six or eight men mounting together. 

To can-y forward ladders of the dimensions i-equisite for 
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ELEMENTS OF PERMANENT FORTIFICATION. 7 

this purpose and place them in position, with that prompti- 
tude upon which the success of an open assimlt ranst 
raainly depend, would of itself be an operation of no slight 
difficulty ; but when it is considered that the assailants are 
exposed to the fire of the defences before reaching the 
ditch, whicli from ite width and depth alone renders it a 
serious obstacle, and that after they nave entered the ditch 
they are still under the fire by which it is flanked, it is 
diMeult to imagine how the attempt conld sneceed if the 
assailed offered even an ordinary degree of resistance, 

The above heights of scarp walls rest, as has been stated, 
upon the practice of the most eminent engineers, and are 
founded on the experience of assaults by scaling. 

There are among engineers partisans for scarps of greater 
heights than these averages, who base their opinions upon 
the facts that scarps of 40 i'eet have been successfully 
scaled, and that very light and strong scaling ladders, 
formed of several separate pieces, which can be promptly 
put together and raised with ease, have been successfully 
tried ; whilst others, basing their opinions upon the many 
bloody repulses of open assaults made upon field works of 
only an ordinary proiile, are in favor of low or medium 
scarps of from 12 to 16 feet high. 

That scarps over 30 feet high have been scaled is true ; 
but the success was owing to a want of ordinary precautions 
on the part of the assailed, and to the garrison not being of 
suitable strength to guard all points efficiently. 

That heavy assaults upon comparatively weak field-works 
have been repulsed with gi-eat slaughter, we have also 
plentiful records of in our own ana European contests. 
But in these cases, the numerical strength of the contend- 
ing parties under fire was nearly equal, and the defence of 
the most vigorous character, so that any shelter, however 
slight, would have inclined tJie balance on the side of tlie 



These are extreme cases, upon which it would be very 
nnsound to base rules for practice. As the object of all 
fortifications is to supply the place of numerical weakness 
on the part of the defence, tlie safer practice would 
seem to be to do tJiis by placing such an obstacle in the 
way of an open assault tiiat but a few men, promptly avail- 
ing themselves of it, might frustrate long enough the at- 
tempt of the assailant to give time to gather sufficient force 
at the point assailed to render the attack abortive. 

Besides securing the place from an escalade, scarp walls 
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8 ELEMENTS OF PERMANENT FORTIFICATION. 

act as retaining walls, to hold up the excavated side of the 
ditch towards the rampart, the rampart itself, and the 
parapet. This requires that they should receive a thickness 
and ibi-m of profile adapted to this end. 

The top atone of the wali, k, termed the cordon., or coping, 
projects beyond its face, and, serving as a larmier or drip, 
protects it from tho effects of the rain water, which runs 
from the parapet upon the coping. 

The line in which the face of the ecarp wall if prolonged 
would intersect the eopiiig is termed the magistral. This 
is a very important line in drawing the plans of permanent 
works, serving as the directing line to fix, both upon the 
drawing and npon tlie ground in setting out the work, the 
dinienaions and relative positions of all tiie bounding lines 
of the parapet and other parts. 

Although no ordinary scarp walls can resist breaching, 
and have to be covered by earthen masks to screen them 
I'rora the distant fire of the assailed, they should be so con- 
structed ae to render breaching a difficult operation ; limit- 
ing the breach made to the part of the wall actually 
destroyed \i'^ the assailant's projectiles. 

In the scarp walls of Vauban and Cormontaigne, and in 
many of the more modern fortifications of Europe, tlie 
scarp walls are built solid, with counterforts on tJieir back, 
of the forms and dimensions adopted by Vauban. This 
engineer gave his scarps a batir of ^-, Cormontaigne, finding 
that the laces of these walls were soon injured by the 
weather, adopted a batir of -f. This for the same reason 
was increased by some to '^, by otiiers to ^ ; and, in our 
climate, where the action of the weather on masonry is 
very iniurious, our engineers have varied their batir from 
Y to Y- 

To give greater efficacy to the resistance ofiered to 
breachmg, and to prevent the breach from taking a gentle 
slope when formed, it has been proposed by some to back 
the wall and counterforts by a kind of pise work, or with 
beton with but little lime in it, of several feet in tJiickness. 

Others have proposed, for the same purpose, to connect 
the end of the counterforts by vertical arches, and to fill the 
ceils thus formed either with pis^, or with this poor beton. 

Otliers prefer long thin counterforts sustaining several 
tiers of relieving arches ; tlie cells thus formed being left 
open for defence, for bomb-proof shelters, and for magazines 
for provisions, &c. 

All these expedients have been tried, though not fully 
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tested, by experiment; tlie last, under all points of view, 
having the most advantages in its favur. 

Among the variety of scarp walls proposed, the detached 
and aemt-deiached have each their partisans. 

In the former, the back of tlie wall rises from the bottom 
of the ditch, leaving, between it and the foot of the rampart 
behind it, a breadth of several feet, either on t!ie same level 
as the bottom of the ditch, or raised a few feet above this 
level. In some cases, the wall is built with several tiere of 
arciied recesses on its back ; the portions of the wall in 
front of which are pierced with loop-holes ; each recess 
being of sufficient size to give shelter to several men serving 
the loop-holes, and firing mto the ditch, or on tlie top of the 
counterscarp. 

In the latter, the lower portion of the wall is built with 
relieving arches, either closed or open in rear; the npper 
portion, for a height from 8 to 12 feet, being detached from 
the rampart and prepared for defence like the preceding 
example. 

Scarp walls of this character have some advantages over 
tlie non-detached. Tiiey offer the same obstacle to an 
escalade as the latter; and, when the assailant has gained 
the top of the wall, they pi-esent the fiirtlier difficniEy of 
his getting down on the other side. They give a good fire 
npon the ditch, and are tlius favorable to the safety of 
sortie parties in retreat. And, when a wide space is left 
between them and the parapet, room is afforded for the 
formation of a column on each side of any breach made in 
the wall, to charge an assaulting colmnn entering the breach 
in flank. 

On the other hand, these walls favor an assaulting column 
rushing through a breach in them ; as tlie assailants can 
spread along the corridor on the right and left, and assault 
the work on a wider front. ShouM the assailant not choose 
this course, he iias the alternative of establishing himself 
securely upon the exterior slope in trenches ; and if it snita 
his purposes better, to di-ive a mine gallery from the breach 
into tlie rampart, to blow it up and open a breach into the 
work. 

But a very glaring defect in all of these detached scarps 
is the exposed condition in which the men behind them are 
from tlie splinters from the wails, when the corridor can be 
enfiladed ; and from the splinters of exploding shells, which 
either lodge and explode in the rampart, or roll down it 
and explode in the corridor. 
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10 ELEMENTS OF PERMANENT FORTIFICATION. 

To break in some measure the effects of this enfilade, 
and also to prevent a!n aseaiiltiiig column from spreading to 
the right and left along the corridor, traverse walls, having 
doors in them for communication and loop-'lioled to fire 
along the corridor, are placed from point to point, running 
from the scarp wall back to the rampart slope across the 
coiTidor, But these cross walls wonld soon be destroyed 
by an ordinary enfilade, and the splinters from them would 
render the corridor untenable. 

11. Counterscarp Wall. A revetted connterscarp is re- 
garded as adding to the difficulty of descending into the 
ditch, and as offering greater security against an open 
assault. For this purpose the wall should not be less than 
12 oris feet in height to offer a serious impediment ; in 
any case, where motives of economy do not imperiously 
demand it, the conntei-scarp wall of the enceinte should be 
from 18 to 24 feet in height. This height will not only 
give great security to the ditch, but, as will be seen in the 
aescriptioii of the siege works of the assailant, it will delay 
considerably his progress, as the gallery by which he must 
generally reach the bottom of the ditch from the level of 
Uie covered-way terre-plein is one of the slowest and most 
laborious of liis operations. 

Besides giving greater security against a snrprise, a 
revetted counterscarp enables the assailed to circulate 
through their ditches even when the assailant has established 
his ti-enehes along the glacis crest, as the top of the counter- 
scarp wall will screen the troops passing along the bottom 
of the ditch. 

It also affords facilities for forming a countereearp gallery 
behind it loopholed for the defence of the ditch in an open 
assault, which, for small works without thorough flanking 
arrangements, will be found very serviceable. 

Besides, this gallery will be found of great utility where 
a system of defensive mines is to form a part of the 
defences. 

But as counterscarp galleries, if seized upon by the 
assailant, may be turned against the defences, it is important 
that they should be placed in positions where they will be 
of little value to the assailant it seized upon. 

The necessity for revetting witJi a wall of masonry the 
scarp and counterscarp of a wet ditch in which the water 
can be retained at a level of six feet in depth, is not so 
obvious ; as when the ditch is wide the obstacle of the water 
alone would seem to be sufficient to secure the place from a 
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surprise. Many works under this condition have been built 
with simple earthen scarps and counterscarpe ; in some 
instance3 a chemiu-de-ronde being formed by leaving a 
wide berm between the foot of the exterior slope and the 
crest of tlie scarp, and planting a ioop-holed stockade near 
the crest. 

lint in rigorous climates, where the water freezes hard, a 
wet ditch is no longer a security in winter ; and a revetted 
scarp of at least 24 feet in height, with a steep earthen 
countereearp, is a better security against a surprise than 
thtt expedients proposed, of keeping an open channel along 
the middle of the ditch of 12 teet in width ; piling op on 
each side of it the ice taken from the channel ; and throwing 
■water over tlie exterior slopes to freeze and form a slippery 
surface to an assaulting column. 

12. Ditoh. The width and depth of the enceinte ditch 
depend mainly upon the amount of embankment required 
for t!ie enceinte and the glacis, and therefore will result 
from the calculation for equalizing the excavation and 
embankment which these demand. 

A deep and narrow ditch oiFers the advantage of present- 
ing moj-e difficulty to the assailant in reaching the bottom 
of it, either in an open assault, or by a gallery in the attack 
by regnlar approaches, thus prolonging the defence. 

It masks better the aally-ports fi'om the enemy's fire by 
allowing them to be placed so low that the projectiles 
coming over the counterscarp cannot reach them. 

Ill like manner by drawing in the crest of the glacis 
nearer to the scarp the latter will be better masked oy it 
from the plunge of the distant fire of the assailant's batteries ; 
and caimot be breached so low down from his batteries 
placed along t!ie glacis crest. 

On the oUier hand, when the ditch is narrow and deep it 
may be partly filled by breaching the scarp, and then blow- 
ing in the counterscarp so as by the united d&>ris to form 
an easy roadway for an assaulting column to enter the 
work. 

A wide ditch, on the other hand, requires more labor to 
construct the trench across it by which the assailant can 
reach the foot of the breach under cover. This is a con- 
sideration of some importance in wet ditches, where the 
assailant is obliged to construct a dike upon which the para- 
pet of his cover is placed. 

In the practice of engineers the enceinte ditch has 
received a width of from 20 to 30 vards when drv, and from 
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30 to 45 yards when wet. These dimensions may be reduced 
to within 10 or 12 yards where the embankments are not 
groat and circumstances are unfavorable to an attempt at 
escalade. 

The bottom of the ditch, when dry, nsually receives a 
Blight slope from the foot of the scarp and counterscarp to its 
centre, where a small drain, termed a cunette, is dug to 
receive the surface water and keep the ditch dry. In some 
cases, from motives of economy, the difference of level 
between the cunette and the foot of the counterscarp wall is 
increased, thus giving a less height of wall. This practice, 
however, can only be followed where the foundations of the 
wall will be secure, from the soil of the bottom of the ditch 
being of such a nature as not to yield from the effecls of the 
weatJier upon it. 

13. Face Covers. Engineers since the times of Cornion- 
taigno have mostly adopted hie method of placing the top 
of the scarp wall on a level with the crest of the glacis, or a 
little below this crest, to give the wall cover from the 
assailant's distant batteries. But this is evidently only a 
partial remedy, since the plunge of projectiles fired from a 
distance is very great in the descending branch of the 
trajectory, and with the rifled guns now used, these 
projectiles fired from a distance may pass over the glacis 
crest and strike the wall quite low down, th\is effecting 
serious damage ; particularly in the case of wide and shal- 
low ditches. 

Various expedients have been proposed by engineers to 
remedy this defect. Chonmara, an engineer of celebrity, 
has proposed to form what he terms an mteiior glacis within 
the ditch, the crest of which shall rise so hign above the 
bottom of the ditch, that it shall mask the scarp wall from 
the plunge of the distant batteries, and shall force the 
assailant to establish his breaching batteries on this interior 

flacis to enable him to fire low enough to effect a practicable 
reach in the wall, 

Brialmont, a more recent writer, proposes a like plan for 
the same purposes ; and in one of our own works, Fort 
Warren, Boston Harbor, a heavy earthen face cover masks 
a portion of the scarp wall, from a position from which a 
breaching fire might have been brought against the part 
thus masked. 

14. General Remarks. The command of the parapet over 
the exterior ground and any outworks of the defences, its 
relief) or height above the bottom of the ditch, and its 
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height ahove the top of the scarp wall, are ail points which 
call tor a careful consideration on the part of the engineer in 
any combination of these that he may be called upon to 
make, 

Firat, it is important that the parapet should thoroughly 
sweep all the ground within range of its guns, at least up 
to the glacis crest ; and the mure so as the closer the 
assailant's trenches approach the work, the greater will be 
the plange obtained upon tliem, and tlie more difficult it 
will be for the ^sailant to cover himself by his trenches,. 

That the parapet should command all outworks wi^iin 
range of its lire is obvious, otherwise when seized upon by 
the assailant tliese outworks would have a plunging fire 
upon the main work. 

The rule is laid down by some authorities, that the pro- 
jectiles of the parapet should clear the crest of tlie glacis 
by at least 2 feet. But this is by no means necessary, for if 
the glacis has a covered way for troops in its rear, it will be 
inpractieablo to keep tliese troops in the covered way 
witli missiles passing in such close proximity to them, 
particularly as they are subjected to annoyance from the 
wads, and may sustain oceaaional losses from awkward can- 
noneers, and the bursting of shells in their rear. 

The relief of the parapet of the flankingpartaof the work 
should evidently be such that every point along the foot of the 
scarp wall shall be swept by its fire. This supposes also a 
certain correlation between the relief and the length of the 
lines flanked, so that this condition shall be satisfaed ; a re- 
lation that can always be easily found, eitherbj calculation, 
or a very simple geometrical construction from given datct. 

In like manner the height of the interior crest of tho 
parapet above the top of the scarp wall, can be easily 
ascei'tained by the same methods, with assumed data. It 
should evidently be at least such that a gun, on any kind of 
carriage, firing through an embrasure of assumed depth, and 
under a given depression, shall clear the coping of the wall 
about one foot. 

A mere geometrical diagi'am will show that as the height 
of tlie interior crest above the top of the wall, supposingthe 
position of the latter fixed, is increased, the whole parapet 
■will be thrown further back from the wall, and the interior 
space of the work will be in the same degree lessened. 

All of these considerations therefore suggest that nothing 
like absolute rules can be laid down so as to give a routine 
character to the practice of this branch of the military art. 
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The rules here given with respect to the form and dimen- 
sione of the general profile of the enceinte are founded npon 
reasons growing out of the nature of the question, and as 
such have served as guides to engineers in the practice of 
their profession. As they have stood besides the test of 
long experience, it is safe to follow them, whilst at the same 
time the engineer should not hesitate to vary from tliem 
when satisfied, after careful examination, that the case 
before him requires it. li'ortification, it must be remem- 
bered, is like all other arts. It has its canons, which are 
founded upon tlie nature of the question, and its rules of 

{)ractice based upon these and upon experience. As the 
alter presents to the engineer new facts, liis practice must 
be made to conform to them ; but the general principles of his 
art must ever remain the same, and be his invariable guide. 



OPEN DEFENCES. 

15. By this term are understood tlie dispositions made 
for the action of the troops and armament which are covered 
from tiie missiJes of the assailed by the parapet alone. 

To this class belong the aiTangement of the parapet 
which has already been described ; simple lo<m-holed walla 
for musketry used as mclosures of gorges, dsc. ; exterior 
corridors which are covered either by a wall or an earthen 
parapet ; and harleitesand emh-asures for artillery. 

16. Loop-Holed Walls, Walls of this class, when used 
as the inclosures of the gorges of lunettes or other isolated 
works, placed in advance of the enceinte, but within the 
i-each of its ai'fcillery fire, should be high enough to secure 
the -work from an open assault, and sufficiently thick to resist 
the occasional shot which ijiay reach them over the parapet 
by wliicb they are covered. For these purposes the lieight. 
Pi. 4, Fig. 34, should be from 12 to 15 feet, and the thick- 
ness from 4 to 5 feet. The loop-holes are not placed nearer 
to each other than from 3 to 4 feet, estimated between their 
axes. They should be at least 6 feet above the exterior foot 
of the wall, and 41- feet above the ground or banquette 
within, Tiie loop-holes are usually placed at regular inter- 
vals along the line of the wall ; oronly opposite that portion 
of the exterior ground upon which a fire is to be brought to 
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The foriri and dimensions of the loop-hole will depend 
upon the thickness of the wall and the field of view, both 
vertically and horizontally, which is to be covered by itsfire. 
The plan is either trapezoidal, PI. 4, Figs. 17, 20, widening 
from the front of the wall inwards, or else it widens from 
the centre each way to the front and back ; or, as is the 
more nsnal form in our works, the intei-ior portion from 
the centre widens inwards, whilst the exterior part is rectan- 
gular in plan, and of the same width as the width on the 
interior or back of the wall. The iirst form is best adapted 
to walls not more than 2J feet thick, the others to heavier 
walls; the object being to lessen, as far as practicable, the 
weakness which loop-holes neeessariiy canse to the wall ; this 
defect increasing as the exterior or interior opening is greater. 

For thin walls, where the plan of tlie loop-hole ia 
trapezoidal, the width of the exterior opening may be from 
2 to 4 inches, and that of the interior from 15 to 18 inches. 
These dimensions, however, may vary according to the field 
of fire to be brought within the range of the loop-hole, the 
more or less cover to be given to the troops, and the 
strength of the masonry of wliich the wall is formed. The 
vertical dimensions of the loop-hole, both on the intenorand 
the exterior, will depend upon tlie field of fire to be em- 
braced in this last direction, and they will be regulated 
accordingly ; the top and sole of the loop-hole receiving a 
suitable slope or direction for this purpose. 

The foregoing details can only be well determined npon 
from the special object to which the loop-holed defences are 
to be applied. Care only is to be taken that in attempting to 
give cover to the troops their field of view be not too restrict- 
ed by too narrow an opening for the use of the_ fire-arms. 

Where the throat or narrowest part of tlie ioop-hole is 
within the wall, the exterior opening leaves a wider mark 
for the missiles of the aasailed, and when the sides of the 
loop-hole gradually widen outwards, a shot striking one of 
them may glance inward and do injnry. 

To prevent this accident, the sides and sometimes the 
sole are made in offsets. A more convenient form for con- 
struction, and one better adapted to arresting the enemy's 
balls, is to mako the exterior portion rectangular in plan 
for half the width of the wall as already described. 

17. Exterior Corridors. In open exterior corridors the 
troops are covered in front either by an earthen parapet, 
which is usually only musket-proof, the scarp wall being run 
up to the superior slope ; or else the scarp wall serves as the 
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cover, in wliicli ease it is pierced either throughout its 
length or at suitable points witii ioop-iiolee. The floor of the 
corridor, c, PI. i, Fig. 27, serves &s a banquette tread for the 
loop-holes, and is tlierefore placed with reference to the 
direction of tiie fire from the loop-holes. The height at 
which the scarp wall rises above the floor of the corridor 
■will depend upon the level of the floor, and that of the bot- 
tom of the ditch ; this height, however, sliould not be less 
than 6J feet to afford a sufficient cover to the troops. 

The preceding Fig. is given as an example of a semi- 
detaclied scarp, a, an earthen counterscarp and covered 
way, d; being a section of an outwork of one of our eea- 
coasC forts. 

18. Bailiette Batteries. Tor guns mounted on the ordi- 
nary field and siege carnages, the barbettes are cnnstnieted 
in the same manner and with the same dimensions as in 
field works; the arrangement of the ramps and slopes 
being determined by the position in which the barbette is 
placed, and its relative position with respect to the terre- 
plein and parapet. 

For the heavy guns used in forts, both for sea and land 
fronts, a solid foundation of stone is laid to receive the pin- 
tle and rail upon which the chassis of the gun is made to 
traverse. This foundation consists of a heavy block set 
firmly in a bed of beton to which the pintle, placed at the 
centre of motion, is solidly attached; and of stone blocks 
set in like manner, to which are firmly attached the iron 
rails, which either form a segment of a circle as in PI. 7, 
Figs, 54, 55, or a complete circle, as in Figs. 56, 57, 58, 
upon which the traverse wheels run. 

In order to afford the gun a wide traverse, a recess is 
made in the parapet in front of the carriage, of suflicient 
dimensions to allow tlie manceuvres of the chassis and top 
carriage without obstruction ; for this pnrptise it has re- 
ceived a depth of 2 feet, its front 5 feet ; its two sides having 
a slant of 30 inches base to 2i inches perpendicular. The 
recess and usually the entire length of the battery front is 
faced with a breast-high wall that only rises within 18 
inches of the top of the parapet ; its thickness being 3 feet. 
The Figs, referred to give the plan, sections, and elevation 
of the barbette arrangements in question, adopted in our 
service. 

19. EmlirasuTe Batteries. The embrasures cut in the 
parapets for guns on field and siege carriages diffor in no 
essential point from those for field works. It is well, how- 
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ever, to observe, ae the parapet is weakened by receiving 
embrasures, the splay given to them should, in all cases, 
be carefully regulated by tlia field of fire it is desirable to 
command, so as to leave aa large a mass of merlon betweea 
each as practicable, to resist the assailant's fire. 

For guns monnted on sea-coast carriages the embrasnres 
are very Bballow, merely covering the gun from lateral 

20. Machicoulis. For the purpose of attaining, by 
mnsketry, the toot of a scarp wall without flank defences, 
resort must be had to a machieoulated arrangement at the 
topof the scarp. 

Tiie usual mode adopted for this purpose, PI. 8, Figs. 67, 
68, is to form a parapet wall which rests upon a solid hori- 
zontal band of stone, near the top of the scarp, which is 
supported on corbels or projecting blocks, firmly built into 
the wall. The back of the parapet wall is placed a few 
inches in advance of the scarp, leaving room for the slantino; 
loop-holes pierced in the horizontal band through which 
the fire is to be delivered on the foot of tlie scarp. The top 
of the parapet wall is also arranged to admit of tiring on 
more distant points. 

In the example given, which is from an Austrian author 
ity, Fig. 67 is a front elevation, and Fig, 68 a section 
through a loophole. 

Figs. 65, 66 are a front elevation and section through a 
loop-nole, from the same authority. ITiis is asenii-detached 
scarp wall, the top portion of which is arranged on the back 
with loop-hole recesses ; the lower portion having very in- 
clined arched recesses in front, with slanting loop-holes to 
fire on the foot of the scarp from the upper recesses. 

Where from the irregularity of the site, the ordinary 
machicoulis cannot be made efficient, i-esort may be )iad to 
small polygonal chambers of stone, open at top, and having 
the sides and bottom pierced with loop-holes and machi- 
coulis. These constructions may be made just of sufficient 
size to hold a single sentinel. They are placed at tlie angles 
of the works where they will not be exposed to artillery, 
and are supported on a corbel work projecting from the top 
of the scai'p wall. 
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COTEEED DEFENCES. 

21. Detached Soarp Walls, When the scarp walla are 
entirely detached, leaving an open corri<Jc'r between them 
and the rampai't, they are pierced with one or two tiers of 
loop-holes, from wliicli a fire can be brouglit upon the ditch 
and npon the ten-e-plein of the covered-way, or any work 
in front of the enceinte. 

To give cover to tlie men at the loop-Iiolea arched i-e- 
cesses, Pi. 4, Figs. 25, 26, are made in the thickness of 
wall, or else short counterforts are built back from tlie wall, 
which serve as the piers of covering arches. The width of 
the recesses should admit of three or four loop-holes at the 
usual distance apart, their height and depth being sufficient 
to give the men shelter from vertical tire and allow them 
to handle their arras with convenience. 

Tlie two Figs, above are sections of this description of 
scai'p wall taken tlirough tlie crowns of the arches, as shown 
in an Austrian woi'k. A is a section of the wall ; b and d, 
elevations of the sides of the recesses; c, an elevation and 
section of the recess arch. 

22. Semi-detached Walls, Fig, 38, are also in some cases 
built with recesses. Besides these, traverae walls, ii, are built 
back from the scarp wall into the parapet, at intervals, to 
afibrd cover to troops, circulating in the corridor, from 
enfilading fire, and to admit of a defence of the corridor if 
the assailant should enter it between any two of these trar 
vei-ses. For this purpose they are pierced with loop-holes, 
and have door-ways for circulation throughout the cor- 
ridor, 

23. Soarp GaUeries. In the permanent works of more 
recent construction in our own country and in Europe 
revetment walls with relieving arches, PI. 4, Fig. 15, have 
in most cases been inti'oduced instead of the ordinaiy thick 
walls with counterforts, which had been hitherto the usual 
mode of retaining the earth of the rampart and parapet. 

The piers of the relieving arches, which also serve as 
counterforts to the revetment-wall, are rectangular in plan, 
and usually run back from 12 to 16 feet. They are from 
4 to 6 feet thick, and placed from 12 to 18 feet apart be- 
tween tlieir centre lines. The arches are usually full centre 
and 2 feet thick, with a rough shaped capping which adds 
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an additional tliickncss from 9 to 12 inchea over the crown 
of tlie arch. 

The preceding Fig. is a section of a revetment wall of 
this kind, of one of onr forts, tlirough the curtain in front 
of which is a mask of which d is the section, b is an eleva- 
tion of the face of tlie pier; c, the relieving arch ; and a, 
the scarp wall, 

This mode of construction offers the advantages of a more 
stable Btnictnre and rendering it more difficult for the as- 
sailant to make a practicable breach in the wall, whilst by 
a suitable arrangement of the relieving arches and their 
piers with the earth of the rampart, a sufficient space can 
be secured behind the scarp wall to form a gallery for 
defensive purpoaea. 

The arches and piers form the top and sides of the gallery, 
the scarp wall forming the front, and the back or rear being 
either partly or wholly closed by a wall which retains the 
earth behind it. The gallery is thus divided up into cham- 
bers, the communication between which is effected by door- 
ways made through the piers. 

The width and height of the galleiy should in all cases 
be sufficient to allow the men ample room for handling 
their tire-arme, and to admit of a circnlation through the 
gallery when the troops for the defence are posted in it. 

From three to four loop-holes are made in the portion of 
the scarp wall that forms the front of each chamber. The 
dimensions and forms of the loop-holea are the same as 
already described, and they are otherwise arranged for 
defence ae in detached scarp walla. 

In PI, 4, Fig. 16, a section of a acarp gallery constructed 
in one of our forta is shown, a is the scarp wall ; b the 
pier of the relieving arch c ; d the rear wall which closes 
the gallery and sustains the earth behind it. The section 
also shows the parts of the rampart and parapet and the 
breast-high wall e. 

In Figs. 17, 18, 19, the plan, section, and rear elevation. 
of a gallery are shown as given in French authorities. Tiie 
peculiarity of this example, Fig. 19, consists in the arrange- 
ment of the rear of the gallery, which, instead of bemg 
entirely closed by a wall, is only partly so ; a small wall, 
a, which rests upon an arch, b, built between the two piers, 
is placed parallel to the back of the scarp wall and at a dis- 
tance from it equal to the width of the gallery, the top of 
the wall being raised to the level of the surface ot the 
earthen slope which falls in behind from the top of the arch. 
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The section, Fig. 18, through r s, and elevation. Fig. ]9, 
show the position of the loop-lioles, and tlie vent for the 
escape of the smoke ie pierced in the scarp wall just below 
the crown of the arch, b are the piers ; a the arches with 
their capping ; d the doorways throngh the piers. 

Figs. 20, 31, represent tlie plan and section of a scarp 
galicry in two tiere, as given in an Anstriaii work. The 
rear of the gallery is closed by a simple wail. Besides tiio 
vent holes lor the escape of snaoke, drains are made in the 
scarp wall at the level of the gallery floor to convey off any 
water that may collect in it. 

Figs. 22, 23, are a plan and section, from the same autho- 
rity, of a gallery behmd the lower portion of the scarp wall, 
the upper portion being connected with relieving arches 
so arranged that, being open to tlie rear, the foot of the 
slope of earth will just touch the back of the wall at its foot 
witliin. In this example the pressure of the earth being 
snppoBod to bo great, the gallery is closed in the rear by 
arched walls ; the arches being built into the vertical piers 
B, of the relieving arches o. This example also shows the 
manner of barricading the doorways through the piers by 
vertical grooves, made in the opposite faces of the piers, to 
receive the scantling forming the barricade. 

In Fig. 28 is shown the section of a gallery behind the 
lower portion of the scai-p, with tho upper portion arranged 
with recesses for loop-holes. 

24. Counterscarp Galleries. PI. 4, Fig. 35. The most 
simple method of arranging a gallery behind a eounterecaro 
wall for the defence of a ditch, is to build another wall 
parallel to that of the connterscarp, and to throw an arch 
over between the two to cover the top of the gallery. The 
counterscarp wall is pierced with loop-holes arranged in the 
same way as in scarp galleries. 

Tlie example selected is from one of our works, and 
shows a section of the gallery througli a loop-hole, a, coun- 
terscarp wall ; D, pai'allel wall ; c, arch and capping ; b, 
glacis mast covering the ecarp wall. 

In Figs. 29, 30, 31, are shown a plan, section on r s, and 
a section and interior elevation on o p, of a counterscarp 
gallery taken from a French authority. In this case conu- 
terforts, square in plan, are built along the back of the 
counterscarp wall, leaving 8 feet between them. Parallel 
to the counterscarp wail and 4 feet in rear of the counter- 
forts another wall is bnilt, which, witli the counteribrts, 
serves as the support of a series of arches perpendicular to 
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the counterscarp wall sprung between the connterforts, and 
another parallel to it and resting on the counterfort and 
parallel wall. The arches between the conntei-forts form 
with them reeeeses, a, for the men serving the loop-holea 
pierced in the counterscarp wall ; whilst the coverea space, 
B, in rear serves for circulation without disturbing the men 
engaged in firing, 

Countei-scarp galleries may also be arranged for a ditch 
defence with artillery, short guns like carronades being 
nsed for this purpose. A plan, Fig, 33, a vertical section 
and side elevation on d c, Fi^. 33 ; and a section and bact 
elevation on a b. Fig. 34, taken from one of our works, 
show a disposition of this kind in the reentering angle of 
the counterecarp. 

25. Bastlonnets. In small works, where a flanking 
disposition cannot be obtained from the enceinte, as in 
lunettes and redonbts, the ditclies may be swept by covered 
chambers, PI 5, Fig. 39, attached to the scarp wail either at 
the centre of the sides of the work, or at the angles. 

These cliambersj PI, 5, Fig. 39, are usually of a pen- 
tagonal form, the sides which join the scarp wall serving to 
flank it, and the two exterior sides, forming a salient angle, 
delivering tlieir lire on the opposite counterscarp and its 
crest. From their form and purposes they have received 
the name of bastionnets. 

Tlie dimensions of these constructions will depend upon 
the amount and kind of fire to be delivered. Tlieir scarps 
should be as high as that of the main work. The enti-ance 
to them is either directly from a parade by a postern, or 
from a scarp gallery which flanks them. 

Fig. 39 sliows a plan of bastionnet, d, at an angle, com- 
municating with a Bcai'p gallery, e. In rear of the scarp 
gallery and opposite to the bastionnet, is placed a small 
powder magazine for its service. The example is from 
Austrian authority, and is arranged for one small gun on 
eacJi flank, besides the hiop-holes for small-arms. 

As a general rule it may be laid down that the salient 
angles of the redoubt are the most suitable positions for the 
bastionnets, as they will thus form small bastioned fronts, 
in which both the sides of the main work and those of the 
bastionnet will be swept by the flanks of the latter. Tiie 
only danger in this arrangement is that the lo(jp-hole9 
in one flank may be fired into from the opposite one. This, 
however, may be guarded against by a suitable position 
given to the toop-holes. 
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Ab the main object of covered defences is protection 
against shells, it is essential that the arches of the galleries 
and baetionncts should be bomb-proof. As the span of 
these arches is usually small, a thickness of 2 feet given to 
the masonry and a covering from 4 to 6 feet of eartn above 
it, are ordinai-ily considered sufficient for the object in 
view. 

"With regard to the front walls of these consfnictions, as 
they are too thin to withstand the direct action of artillery, 
they must either be covered by earthen masks, as a glacis 
raised beyond the counterecarp for example, or be used 
only in positions where they are not exposed to this fire. 

General Remarks. It should be observed that ■what- 
ever advantages covered defences afford as shelter from the 
assailant's hre, they present the inconveniences of a com- 
pai-atively narrow and obBtrncted field of view to the 
assailed, which is further obscnred by the sm^jke which 
may gather within the gallery, and in front of tlie loop- 
holes. From these causes the assailed having to aim at a 
venture, Ids fire is likely to be less effective than in open 
defences, where the smoke disperses rapidly and leaves 
a clear field of view. The same may be said of loop- 
holed walls covering exterior corridors where the space to 
the rear is confined. 

Owing to these considerations, loop-holed and covered 
defences of the kind in qnestion ehouid be restricted to 
yjecial defensive purposes, where an object within the 
field of fire can be attained with some certainty whether 
seen or not by the assailed ; as, for example, the protection 
of a ditch, or a scarp wall which cannot be flanked from 
within the work ; lor sweeping a covered-way, or the 
interior of any outwork which cannot be brought well 
under the fire of the parapet of the main work. 

26. Caponnigie Defences for the Bnceinte Ditch. 
These works are classed under the head of what are termed 
defensive casemates, which are bomb-proof arched struc- 
tures for receiving cannon, firing through embrasures 
pierced in the front or maek wall of the casemates. De- 
fences of tliis class, when used to flank the ditch, are 
usually termed oasemated caponniires. 

27. Tliese defences are usually placed in the ditch at the 
middle point of the side or front to be flanked. Tlie out- 
line of their plan is mostly that of a lunette, PI. 5, Fig. 36, 
the flanks bemg pei-pendicular to the hne of the scarp, and 
the two faces roakiiig a salient angle of 60". The caponnicre 
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is either built in juxtaposition with the enceinte, or else 
detached fi-om it- In the lattev ease an inclosnre is formed 
between the two by a loop-holed wall which connects the 
flanks with the Bcavp wall. Each ilank consists of one or 
two tiers of arched chambers, the piers of the arches being 
pei-pendicolar to the hack of the walls of the flank. Each 
chamber is of eufficient dimensions for the sorvicfc of a 
Bingle gun with a contracted field of fire. (PI. 5, Figs. 36, 
37.) In some cases loop-holes are pierced for smail-anns 
on each side of the embrasure ; in others the casemates of 
one story are pierced. for camion, and the other for small- 
arms. 

The casemates are closed in rear by a thin wall, which is 
provided with windows for light and ventilation ; and the 
piers are pierced with doorways to form a communication 
between tne chambei-s and to assist the veutilation. Fines 
or vents, Fig. 37, are made in the front wall, just under the 
arches, for a like purpose. Where it may be necessary the 
lower floor is drained by a conduit through the front 
wall. 

An open court is left between the flanks, and each flank 
is covered at top with from 4 to 6 feol of earth. The flanks 
are separated from the faces by a closed corridor which 
serves as a communication. 

In front of the coiTidor and on each side of the axis 
of the caponniere, a casemated chamber, which is open in 
front, is arranged for one mortar. Figs. 36, 38. The arches 
of these chanibers rise towards the front the better to sub- 
serve the object in view. 

On one side of the chambers the powder magazine is 

E laced, with a store-room. On the otner side a stairway 
etween the stories is built. 

The space within the salient angle, inclosed by the walls 
of the faces and the front of tlie mortar casemates, is open 
at top. It has an open corridor on the second stoi-y for 
communication, and the front walls are arranged with loop- 
holed recesses for small-arms, Figs, 36, 38. 

The enceinte, in the rear of the flanks of the caponniere^ 
is arranged with a scarp gallery, to flank the caponniere 
flanks and the court between them. A break is in some 
cases made in the line of the scarp wall, perpendicular to 
the caponniere faces, and casemates for cannon and small- 
arms arranged behind the scarp wall, to flank these faces. 
In some cases these flanking dispositions are placed in front 
of the scarp wall, the casemates being open to the rear, 
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lookinf; on a narrow court between them and the scarp 
■which is closed on the sides by a loop-holed wall. 

The example here given of a casemated caponniere is 
from an Austrian anthoritj. Fig. 36, is the plan ; Fig. 37, 
a section and elevation on ab of one flank, and tlie end 
wall of the corridor looking towards the court between tho 
flanks ; Fig. 38, a section and elevation along c' d' of the 
corridor, mortar casemate and triangular court. Figs. 37, 
38, ai'e on an enlarged scale. 

28. Casemates on Land Fronts. Yarious modes have, 
from time to time, been proposed for arranging defensive 
casemates for the exterior defence of land fronts. The diffi- 
culty in covering the masonry from the batteries of the 
assailant liaa been the chief objection to these strnctui'es, 
and is the more prominent as tlie fire of artillery becomes 
more accurate, as such casemates would soon be ruined or 
rendered untenable by embrasure shots. 

The structure for this purpose which has been moat ap- 
plied within late years is what is termed the ifoajo casemate , 
the details having been iirst pj-oposcd by General Haxo, 
one of the first authorities of the French school of engineers. 
These casemates consist, Figs. 45, 4^&, i7, of a series of 
arched bomb-proof chambers closed in front by a thin mask 
wall which, except around the embrasures through it, is 
covered from the assailant's artillery by the parapet. To 
present but a small surface of masonry to fire, the arches, 
which are horizontal and perpendicular to the mask wall 
for the greater portion of their length, descend towards the 
front, leaving where tliey join the mask wall just sutHcient 
height within for the service of the gun. To elfect this the 
anterior portion of the arch must be conoidal in shape. 

The piers of the arches are pierced with wide aj'ched 
openings which servo the double purpose of a communica- 
tion between the casemates and to give the gun a wider 
traverse for firing. 

Embrasures ai-e pierced in the parapet in prolongation 
of those of the mask wall, and it is proposed to cover the 
small portion of the masonry necessarily exposed by this 
arrangement by placing several thicknesses of lieavy timber 
in front of it to receive the shot, or to case it with wronght- 
ii-on. 

When the casemates serve simply for the cover of 
the cannon, tho arches are covered witli from 4 to 6 feet 
tliickTiess of earth, and are left open to the rear for the more 
prompt escape of the smoke, and a ditch is sometimes made 
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just in rear of the casemates to catcli bombs and limit the 
effects of their explosion. When the arches are m ade longer 
than for the service of the guns alone, the eartlien covering 
is sometinies arranged with a pai'apet to cover cannon in 
barbette, or for em^l-anne. 

The example shown by the Figs, is from a Trench 
authority. Fig. 45 is a plan on m n, Tig. 47 ; Fig. 46 a 
section and interior elevation towards the mask wall on 
p, Fig. 47 ; and Fig. 47 a section and side elevation on r s, 
Fig. 45, 46. 

In Figs, 48, 49, is shown an arrangement of two case- 
mates of the Haxo kind from an Anstrian autliority. In 
this case the masonry is covered on the flanks from enfi- 
lading fire by earth. Fig. 48 is an interior elevation of the 
arches, and the back wall that retains the earth on tlie sides. 
Fig. 49 is a longitudinal section, and shows the manner of 
covering the masonry in front and secunng the earthen 
embrasure by a timber facing. 

29. Mortar Casemates. In Fig. 50, PI. 6, is shown a 
longitudinal section of a mortar casemate placed in rear of 
a parapet, by which it is covered from direct fire. The 
arch is covered, as in the preceding case, by earth, to break 
the shock of shells. It rises towards the front to give ample 
room for the sKell in its flight. The casemates are covered 
on their flanks from enfilading fire by an embankment, and 
are partly closed by a wall in the rear. A small ditch is 
made in front of the chamber, and a slight wall built within 
it, to give cover from the splinters of snells falling between 
the parapet and the casemate. Arched chambers are in 
some cases made beneath the mortar chanibere which serve 
as store rooms and temporary magazines. 

(t "When these casemates are placed in rear of a portion of 
the parapet but little exposed to direct fire, the tliicknees 
of the parapet in front of tiiera may be reduced, and the 
interior shipe be replaced by a breast-high wall ak)ng the 
front of the casemates, in order to give better cover in flank 
and from slant fire, by throwing fonvard the casemates 
moi'e nnder cover of the parapet. 

Tlie example given is from the same authority as in the 
preceding example of casemated caponni^res. 

30. Casemates for Water Fronts. In the casemated 
batteries for sea-coast and harbor defences, the scarp or 
mask walls of the chambers for the gnns, being exposed to 
the tire of ships alone, are not covered, as on land fronts, by 
an earthen mask ; these walls being built of sufficient 
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thickness and strength to withstand the fire of tlie heaviest 
guns -within tlie range that ships can venture to attack, and 
being far less vulnerable than the wooden or iron sides of 
^essSs thus far brought into general use. 

These batteries in our own and European works consist 
of a series of arched bomb-proof chambers which serve for 
the service of the guns alone ; or else they receive snch 
dimensions that the portiona of the chambers immediately 
in rear of the mask wall are appropriated to the service of 
the battery, and the rear portions are converted into qaar- 
tei-s, store rooms, and other necessary purposes for the 
garrison. 

In the earlier sea-coast casemated defences constructed 
in our service, the gun chambers have received dimensions 
to admit of two guns in eacli chamber, PI. 5, Figs. 40, 41. 
The chambers are usualSy formed of segmental brick arches 
of 120°, which rest upon stone piei-s built back perpendicu- 
lar to the mask wall. In the example given, tlie arches, c, 
have a uniform thickness of 3 feet exclusive of the root- 
shaped capping, which is generally of rubble and beton, 
ana covered on top by the earth of tlie parapet and rampart. 
The stone piers, E, are 6J feet thick, and are pierced with 
arched communications, f, a few feet in rear of the mask 
wall, so placed as to give the gun carriage a wider traverse 
by allowing it to run under this opening. Arched recesses, 
E, are made in the mask wall to admit the mnzzleof the 
gun being well run out, so as to clear the casemate of 
smoke. An embrasure, e, is pierced at the centre of each 
recess, the sole being at the proper height above the floor 
of the casemate, to accommodate the casemate chassis and 
top carriage. In Fig. 40 are shown the plan and dimen- 
sions of the embrasure usually adopted in our works until a 
Tery recent date; and in Fig. 41, which is a vertical section 
of tlie casemate through the axis of an embrasure, are 
shown the elevation and dimensions of the cheeks, e, of the 
embrasure. In the casemates of some of our works, flues 
for ventilation and carrying off' rapidly the powder smoke 
mn from the top of the carriage recesses, e, through the 
masonry of the scarp wall, and have their outlet in the top 
of the wall. In othei-s the flues run from the casemate arch 
to the top of the parapet. Beneath the embrasure a recess, 
termed tlie tongue /wh, which in plan is triangular, is made 
to receive the tongue of the chassis. The tongne is confined 
in its place, and the chassis traverees around a pintle which 
is received into the pintle, hole made at the centre point of 
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the throat of the embrasure, and extending into the masonry 
below the tougwe hole. 

When the casemates servo also aa quarters for the garri- 
son, the rear, towards the parade, is closed by a Viriek or 
stone parade wall, which forms the front wall of tlie quar- 
ters. A brick partition wall separates the quarCere from the 
gun gallery. Arched recesses and Hues are made in the 
piers for chimneys, and the parade wall, the sides of tlie 
piere, and soffit of the arch, are suitably finished to give a 
dry and well ventilated dwelling. 

In the example here given, as in most of our earlier ease- 
mated works, tiiere b but one tier of ea^emated guns; this 
tier being surmounted by a barbette battery covered either 
by an earthen or stone parapet on the water fronts. 

Casemates adapted to two guns in each room present a 
more vuhiei'abie mark in the portion of the mask wall be- 
tween the piei-s ; expose more men to danger from embra- 
sure shots ; present a greater opening in reaj' to the assailant's 
fire when not closed oy a parade wall ; offer less resistance 
to the shock of shells ; and are more difficult to construct 
without settling than rooms for single guns. These advan- 
tages in favor of casemates for single guns are the more 
marked where, for the purpose of obtaining a heavy fire in 
some fixed direction, it is desirable to resort to a castellated 
structure consisting of several tiers ofcasemat.es. 

In PI. 0, Figs. 42, 43, 44, is shown a plan. Fig. 42, on e p 
of the lirst tier of casemates; a vertical section and side 
elevation, Fig. 43, on a b, of the three tiers of casemates and 
the top barbette battery ; and in Fig. 44 an interior eleva- 
tion on c D ; of one of the most recent of these structures for 
the defence of the channel leading to one of our harbors. 
Besides the wide arched openings, f, through the piers, for 
communication and the traverse of tlie guns, smaller door- 
ways, a, are made for communications in rear of the battery. 
The casemates are open in the rear. The arches of the top 
tier are alone made bomb-proof; those of the lower tiers 
being of sufficient strength to receive tlie armament and 
admit of the service of the guns with safety. 

31. Embrasures. The form, dimensions, and construc- 
tion of embrasures in mask walls present a problem which 
lias offered no little difficulty, in a satisfactory solution, to 
engiueera, by which the best cover could be given to the 
guns and men by exposing the least surface to embrasure 
^ots, whilst the guns shonid receive a suitable traverse to 
command a wide field of fire. 
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In tho embrasures of our works the general form is the 
same as those nstially found in Europe, but they present a 
very considerably less amount of exterior and throat open- 
ing than European embrasures. See PI. 7, Fig. 59, which 
is the plan of a French carriage recesa and embrasure for a 
Bingie ffiin, and Eig, 60, which is one of the same parts of 
anEoglishfortfor sea-coast defence. In some of onr earlier 
■works the sole, cheets, and top of tlie embrasures are con- 
structed of brick, as being a material that would he less 
destructive through the splinters driven in by embrasure 
shots. Tliis view, however, has been abandoned in our 
more recent works, the embrasures being constructed, on 
the contrary, of heavy stone blocks carefully and strongly 
bonded ; a brick arch being thrown above the embrasure 
within the mass of the mask wall to secure the upper por- 
tion from yielding, should the block forming the ceiling of 
the embrasure be damaged. 

A further and most important step has been more recently 
taken, in the application to embrasures of wrouglit-iron 
casings and throat pieces, with shutters of the same ma- 
terial, as a security against heavy shot and grape. The 
first application of this means has been made to the em- 
brasures of one of our works now in the eoui-se of construc- 
tion; and the forms, dimensions, and construction of the 
embrasures are the results of experiments carefully made 
with the heaviest solid shot and grape, upon walls and 
embrasures of various forms and dimensions, under the 
directions of General Totten, Chief Engineer, 

The form ado}>ted is shown in plan in PI. 8, Fig. 61, the 
interior portion being trapezoidal, and the exterior beyond 
the throat rectangular. Tliis form was adopted with the 
double view of limiting the effects of embrasure shot which, 
in the old forms, strikmg the oblique surface of the cheeks 
of the exterior portion and glancing inwards, occasioned 
considerable casualties ; and to form a suitable recess for 
strong iron shutters to protect from grape entering through 
the throat whilst the gun was out of battery. The two 
principal wrought>iron throat pieces are trapezoidal in plan, 
being 8 inches thick and 17 inches base, the obhque side 
liaving the same slant as the inner cheek of the embrasure. 
Exterior to these two pieces are two plate pieces, each two 
inches thick, against which the shutters, which are also two 
inches thick, rest when open or closed, as shown in Fig. 61. 
Tliereisalsoa wrought-iron plate casingaround the exterior 
opening of tiie embrasure, as shown in Fig. 61, and in the 
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exterior elevation, Fig. 64. In Fig. 62 is shown an interior 
elevation of tlie carriage recess, the embrasure and the 
tougiie-hole ; and in Fig. 63 a vertical section and side 
elevation on A B, Fig. 64, of the embrasure, carriage recess, 
and the pintle and tongne holes. 

The exterior width of the embrasure, the obliqnity given 
to the cheeks of the interior portion, and the deptli and 
slant given to the carriage recess and its' sides, are ar- 
ranged with a view to the traverse of the gnn, which is 
fixed at 60°, or 30° on each side of the axis of the em- 
brasure. 

All the parts of the wall adjacent to the embrasure are 
constructed of the largest sized block of the tnugheet stone, 
the blocks being carefnllj fitted and bonded, and having 
the additional strength afforded by a very ingenious ar- 
rangement of hollow bolts and a concrete of lead and chip- 
pings of stone run together. A brick arch, as shown in the 
elevations and sections, is tnrned over the embrasure and 
within the mass of the scai-p wall. 

32. Bomb-proof Euildinga. Casemated bomb-proof 
quarters are indispensable to the safety and comfort of the 
garrison during siege, or any prolonged attack for the an- 
noyance or redaction of the work by a bombardment. In 
small works like most of our forts, which are chiefly de- 
signed for eea-coasi defence, casemated qnarters are arrang- 
ed, as has been seen, in the rear of the batteries, a portion 
of each casemate towards the parade being partitioned off 
and suitably disposed for the object in view. In some 
cases, advantage is taken of a scarp wall, on a land front, 
which is well covered by a glacis or other face cover, to form 
in its rear quarters of this character. In all cases, care 
should be taken to place snch quarters on those fronts 
which are best covered from a direct fire, and the parade 
walls of which are not exposed to reverse fire. Whenever 
the plan of the work admits of it, quarters of this kind 
should he arranged for defence, by being pierced with loop- 
holes and even with embrasures for cannon. Defensive 
casemated quarters form a prominent and distinctive feature 
in what is now known as the German school of permanent 
fortification. They consist of bomb-proof buildings of a 
curvilinear or polygonal plan, arranged for one or more 
stories of covered defences, with an ordinary open defence 
snrmounting the casemates. Tlie casemates of the upper 
etories are covered with bomb-proof arches, whilst those of 
the lower stories receive flat segment arches of only snffi- 
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cient thickness and strength to bear the weight of the gnus, 
and to subserve the other objects of the structure. When 
employed as caponnieres, as gorge defences, or as interior 
retrenchments, the front walla of these structures are 
masked from direct views, either by the glacis, or by the 
parapet of the work in which they are placed, and they 
receive a thickness of at least 5 feet. But as a mask wall 
even of this thickness, when pierced with loop-holes and 
embrasures, is liable to damage from shot which plunge 
over the parapet in front of it, PI. 1, Tig. 53, tlie portions 
of the casemate piers, b, where they join the mask wail, a, 
are made thicker, in some cases, for a distance of a few feet 
back, than their general thickness, in order to receive two 
vertical grooves in the face of this thicker portion, into 
which scantling being inserted horizontally, and the space 
between the two partitions thus formed filled in with sand 
bags or other shot-proof materials, a temporary shelter can 
be formed when the ruin of the mask wall exposes the in- 
terior of the casemate to view. In our service, PI. 7, Figs. 
51, 52, when casemated quarters are constructed of two 
stories, the upper iJne alone is covered with a bomb-proof 
arch, tlie floor between the [two being of timber and con- 
structed in the ordinary way. 

In Fig. 51 is shown a plan on a d, Tig. 52, of bomb- 
proof casemated quarters in rear of a scarp wall, and of a 
countei-scarp gallery, both arranged with loop-holed de- 
fences. Fig. 52 is a section and side elevation on c d. Fig. 
51, showing the rampart and parapet over the arch, and the 
fire-places and chimneys in the piers of the arches. The 
floor of the second story is of timber. The reai- or parade 
wall is pierced with doors and windows. 

In Fig. 53 is shown the plan of the end of a casemated 
defensive barrack from an Austrian authonty. The front 
wall, A, is arranged and pierced for cannon, each arched 
chamber for one gun. The end wall is ioop-lioled for 
musketry, and the rear wall, c, has windows and doors. 

33. Povrder Magazine. The structures for this pur- 
pose are built with strong, full centre bomb-proof brick 
arches, supported on heavy stone piers which form the out- 
ward walls, and to which interior buttresses are sometimes 
added. The capping of tlie arches is covered with from 4 
to 6 feet of solidly packed earth. The interior of tlie maga- 
zine, tlie floors, and the doors and windows, are built with a 
view to security from fire ; and to preserve the powder from 
dampness, by a good system of drainage around the foun- 
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dations, and of ventilation by means of air-holes made 
through the piere, and panels of copper pierced with small 
holes placed in the doors. No iron or steel fastening or 
sheeting ia allowed in any part of tlie structure ; and in 
arranging the air-holes through the piers they receive a 
broken direction, and have a copper mesh-work placed across 
theiii, to prevent any combustible material, or rats or mice, 
penetrating to the interior of the magazine. 

In large works tlie magazines are isolated as far as practi- 
cable from the enceinte, so as not to endanger it should an 
accidental explosion take place. The magazine is inclosed 
by a strong high wall for secnnty, and is provided with 
lightning rods. In small works some one or more of the 
casemates in tlie position least exposed to the assailant's fire 
are built for the purposes of a magazine. 



COMMUNICATIONS. 

34. General Hemarks. The communications form a 
very important element in the defence of permanent 
works. The size and disposition] of the commimicationa 
should vary with the character of the work ia which they 
are placed. 

In small works, which from the size of their garrisons are 
calculated to make only a strictly passive defence, commii 
nications of just suf&cient dimensions for the paesage of the 
troops from point to point will serve every purpose, and 
can be more easily barricaded and otherwise defended. 

But for large works having full garrisons, tlie comrauni- 
cations should be such that sorties of all arms and in large 
bodies can be quickly made. Witii communications of 
tliis character a besieging foi'ce would be constrained to 
adopt extraordinaiT measures of safety, keeping large 
guards in the trenches to secure them from such sorties, to 
which they would be continually exposed. 

35. All communications, to serve properly their ends, 
should fulfil the following conditions : 

1. They sJiould n&very from their ^position, compromise 
the safety of the enceinte. 

Frequent instances could be cited of works which have 
been surprised by an enemy obtaining possession of the 
gates. Therefore too many precautious cannot be taken to 
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secure the principal outlet from the hody of the place, from 
Bimilar attempts. It is on this account, that the postern 
Rud gateway in the main entrance are arranged as has heen 
described, to frustrate any sadden attack that might be 
made upon it. 

They shovld admit of a convenient circulation of the 



To subserve this pui-pose, the dimensions, slopes, etc., of 
the poeterne, ramps, and other similar works, should be con- 
venient for the service to whicli they are applied ; and they 
should le placed in such positions as lead directly to the 
point to be arrived at. 

3. The position chosen for any communieaiion should le 
such that when an enemy gets possession of it, he may obtain 



To be useless to an enemy, the commnnication, when in 
his possession, should not offer a shelter for his works ; nor 
enable him to carry them on with more ease. This end 
will be obtained by placing the communications in a 
position to be enfiladed by the fire of the works in their 
rear ; and so arranging them as to preserve the counter- 
scarp wall unbroken. 

4. The communications should he co^iered from, every 
point where an enemy miyht establish himself, during tlie 
whale period that they can be of service to the teaieged ; and 
they should be swept by the fire of the enceinte. 

"Without these precautious, an enemy might cut off all 
communication from the enceinte with the outworks ; and 
in case of retreat, the troops could not derive any assist- 
ance from the enceinte, if he attempted to press upon 
them. 

5. They should be so placed as not to compromise the re- 
treat of the troops. 

Tliia is effected by placing the communication in the re- 
enterings, which are the most secure points ; as an enemy 
to arrive at them will have to brave a powerful column of 
flank fire, Ban-iera, gates, and movable bridges of timber 
should be placed at suitable points, to cut off one commu- 
nication from another; and thus arrest the progress of a 
pursuing enemy, 

6. FinMly, each wm-h should be ind^endent of every 
com/munication, except that one destinedfor its particular use. 

This is an important object, as it prevents an enemy, 
ehould he succeed in gaining possession of a communica- 
tion leading through it, from seizing upon the work itself. 
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36. Ramps. The principal communications consist of 
ramps, stairs, posterns, gateways, bridge8,a,nd, for wet ditchea, 
dikes. The width of ramps at top for the service of the 
artillery and other vehicles may be from 10 to 15 feet, and 
their inclination from J to jj , or less, depending on the 
difference of level to be overeomo. Thej are usually placed 
in positions where they will occupy the least room of tlie 
parade, as along the rampart slope of the enceinte. As a 
general rule, their side slopes are of earth ; but where it is 
desirable to economize room on the parade the side slopes 
are replaced on one or both sides by a wall which sustams 
the earth of the ramp. When ramps serve for infantry alone 
their width may bo reduced to 6 teet, and in some cases to 
4 feet. 

37. Stajra. Except for temporary purposes, stairs are 
constructed of stone; each step being a solid block wliich 
is 6 teet long in the clear ; ite breadth at top or the tread 
12 inches, and its height or rise 8 inches. Stairs are usually 
placed along the counterscarp and gorge walls of the out- 
works, forming a communication, for infantry only, between 
the ditch and the terre plein of the work to which they lead. 
They are also used within the enceinte in positious where 
there is not sufficient room for ramps; or where, for greater 
security from surprise, it is desirable to present a narrower 
and more difficult defile to the assailant. Incases where 
room is wanting and the communication not in habitual use, 
the width of the stair may be reduced to 4 feet. 

38. Posterns. Posterns are arched bomb-proof passage- 
ways constructed under the terre-pleins and ramparts, 
forming subterranean communications between the parade 
and the enceinte ditch, or between the ditches and the 
interior of the outworks. The width and height of the 
interior of posterns depend upon the use to which the com- 
munication is to be applied. Tor artillery the width is 
usually taken at 10 feet, and the height under the crown or 
key ot the arch at least 8 feet. FoBterna for infantry may 
be only from 6 to 4 feet wide, andfrom6feet flinches to 8 feet 
high under the crown of the arch. The thickness of the 
piers of the arches is generally taken atabout half the width 
of the postern. The arches are from 18 inches to two feet 
thick. As any injury to the arch frttm the bureting of a 
shell over it might obstruct the communication, the arch 
should be covered with a thickness of at least 3 feet of earth, 
and when convenient with 5 or 6 feet for greater security. 
A strong wooden door is placedat each outlet of the postern 
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to. secure it against surprise. Tlie doorway in posterns for 
the service of artillery ehould be of just sufficient height for 
the convenient passage of a gun ; about T feet for each 
dimension is usually allowed for this purpose. 

The most important },oetern is the one leading from the 
parade to the enceinte ditch. This generally receives a 
width of 12 feet and the same height under the crown. For 
greater security from eurprise, ils outlet at the enceinte 
ditch is at least 6 feet above the bottom of the ditch, this 
difference of level being overcome by means of a temporary 
■wooden ramp which receives au inclination of at least J. 
With a like object, besides two strong doors at the two ends 
of the posteni, there is a partition of masonry about midway 
between the two ends, which is pierced with a doorway of 
the same size as the doorways of the ends, and closed by a 
strong door which, as well as the partition wall, is loop-holed 
for musketry. 

In cases where the postern forms the main entrance to the 
work, an arched chamber is placed on one side of it., at the 
outlet, which serves as a guard-room for a few men, to secure 
the outlet from sui-prise. Tlie wall between this cliamber 
and the postern is loop-holed, so that a lire can be brought 
to bear on the doorway of the piwteni ; and as a furtiier 
precaution against surprise a maciiicoulis defence is some- 
times arranged at the top of the scarp wall just above the 
doorway of the postern. 

39. Gateway. In works with large garrisons, where tlie 
means of frequent communication with the exterior are re- 
quisite, posterns of ordinary dimensions are found not to 
atfoi-d a sufficient convenience for the daily wants. In such 
cases a passage-way of sufficient width to admit of at least a 
single caiTiage-road with narrow foot-paths on each side has 
to be opened through the rampart, which, whenever it is 
practicable to do so, should be arched and covered with 
earth to render it bomb-proof. The passage-way should for 
security have the bottom of its outlet at least 12 feet above 
the bottom of the enceinte ditch ; and when this difference 
of level cannot be obtained the main ditch should be 
deepened sufBciently for the purpose below the outlet. A 
gateway of sufficient height and width for the passage of the 
ordinary vehicles for the service of the garrison is made 
through the scarp wall. This gateway is arched at top, 
where a machicoulis defence may also be arranged to guard 
the outlet on the exterior. 

The communication across tlie enceinte ditch leading 
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from tliG gateway is iiBiially an ordinary wooden liridge built 
on piles. Tlie bay of this bridge at tiie gateway is spanned 
by a drawbridge of timber, wnich when drawn np closes 
and secures the gateway. Tins drawbridge is mancenvred 
by some of the usnal mechanisms employed for this purpose. 

40. Port-Cullis. When the gateway is rot preceded by 
a ditch and is therefore without a drawbridge, a banner, 
termed a wri-cit^is, which can be lowered or raised vertically 
by machinery, is Bometimes added to secure the passage-way 
from Biirprise. The ancient port-culHs was a framework of 
heavy beams, placed vertically, leaving a few inches only 
between each pair of beams. These vertical beams were 
either solidly confined between horizontal beams, or clamp- 
ing-pieces in pairs ; or else they were eo arranged that they 
could slide upwards between the clamping-pieces. Each of 
tlio vertical Tjeams was shod at the bottom with a strong 
pointed iron shoe. The horizontal pieces were framed 
securely with two heavy vertical beams tliat formed the 
sides of the frame, and were fitted into vertical grooves 
made in the side walls of the passage-way in winch the 
frame could slide when raised or lowered. By arranging 
the vertical beams to slide upwards between the clamping 
pieces, it enabled the passage-way to be closed in cases 
where an obstruction miglit be designedly placed below the 
port-enllis to prevent this being done ; as the beams which 
meet the obstruction would be pushed npwards, whilst tlie 
othera would fall to their ordinary level and close the pas- 
sage-way on each side of the obstruction. 

in the works recently constructed with us the port-cuHis, 
and even the doors preceding them, have been constructed 
of a strong open lattice-work of wrought iron bars bolted 
strongly to the wronght-iron uprights and cross-pieces, 
forming the framework of the lattice. Tliis is a great im- 

Srovement for these pui-poses, both as to durability and 
efence. 

Pa^age-ways of this description should be secured by all 
the means at an engineer's disposal, A large guard-room, 
with loop-holes bearing on the passage, should be erected on 
one side, near the gateway ; and if the enceinte is a simple 
one, without outworks beyond its ditch, a small lunette, or 
loop-holed tambour of masonry, or timber, should be con- 
structed beyond the counterseaip, forming a t6te-de-pont, for 
the security of the bridge from surprise. 

The drawbridge, which for convenience of manojuvring 
should not be longer tiian 12 feet, is constructed in the 
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usual mode. Care should be taten that it ehould fit the 
recess in tlie face of the wall so closely that there will not 
be room enough between itand the jambs of the gateway to 
insert a crow-bar to force back the bridge. 



4L The most simple mode of fortifying a position in a 
permanent manner consists is inclosing it with a rampart 
Burmounted by a parapet, with a ditch tlie scarp of wliich 
when dry is revetted with masonry, and so covered by an 
earthen mask that it cannot be breached except by batteries 
placed on the border of the connterscarp. 

This line of fortification enclosing the position is termed 
the enceinte, the iody of the ^lace or the main inclo- 



The general ontline of the enceinte may 1 
or a polygonal figure of any character. 

42. System of Fortifioation. Aithongh an infinite 
diversity of figures may thus be presented iu the ontline or 
plan of the enceinte, they may all be classed under four 
heads, to each of which engineere generally have applied 
tlie term system of fortification. 

These four classes are, 1, the circtdar or cwrvUinear 
syste')n: 2, ihe polygonal or ca/ponniere system : 3, the 
n : 4, the h 



The term method of fortifiontion is now usually applied 
to the manner of fortifying which is generally^ prevalent in 
any country, or to the mode adopted by any individual, as 
the German method ; Vavhan^s method, (6c. 

Circular System. The circnJar system consists of an 
enceinte, the plan of which is circular or curvilinear. 

Polygonal System. In the polygonal system the plan 
is either a polygon with salient angles alone, PI. 8, Fig. 72, 
each side of which, aa, is flanked by a casemated capon- 
niere, c, placed in the ditch, d, and midway between the 
two salients, A ; or else each side of the polygon is broken 
inwards at the centre, so as to form a slight reentering, PI. 
8, Pigs. TS, 74, 75. 76, 77, to procure a caeemated flanking 
arrangement, ff, for the caporini^res, o, which occupy 
these regnterings, and also, in some eases, to flank works in 
advance of the enceinte. 
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TenaiUed System. The tenailled system, P!. 8, Fig. 
78, consists of a tenailled line, the reentering angles of 
which are between 90° and 100", and the salient angles uot 
less than 60". 

Bastioned System. In the bastioned system. Fig. T9, 
tlie liastions usually consist of two faces and two flanks, the 
scarps of each of which are plane surfaces. 

In many of the older fortifications, and in a few of the 
more recent works in Europe, the flank is broken ; the por- 
tion of it at the shoulder angle forming a projecting mass 
which is termed an oriUon, whilst the portion between the 
oriilon and the enceinte curtain is retired, or brought in 
towards the interior of the bastion, and is thus partially 
covered by the orilion from fire, except in the prolongation 
of the enceinte ditch. In some cases the plan of tlie oriilon, 
as well as that of the retired flank is curvilinear ; in others 
they are both rectilinear. 

43. General Remarka. Whatever system may be 
adopted for the enceinte, there are certain conditions, in 
addition to those already laid down for all permanent 
works, which it must satisfy to render it efiective : 

1. It should have a steep reveUed scarp t w^JrofeM- on all 
sides except Jbr the necessary openings /or communications^ 
thmvugfdy flanked thvov^kovA hy cannon and small-arms • 
and <^ sujudent height to prevent aU ordinary attempts ai 



2. The scarp should he so covered J/y earthen or otiier masks 
that it cannot he reached hy the pr(^eotilea of an assailant 
from any position exterior to these masks. 

8. TAe parapet and interior covered shelters should he 
^oof against solid and hollow loaded projectiles, 

4. The parapet should command aU the site and outworks 
eo:terior to the enceinte and within range of its guns, and 
swe^ them with flank and oross-flres. 

5. As far as praciicahle, the principal lines of the para^ 
pet should receive such di/rectwns, that the assailani cannot 
take up positions to enfilade them. 

Every enceinte, whatever he the sj-stem adopted, will be 
more or less effective as these conditions are more or less 
complied with in its arrangement. 
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44. A work consisting of an enceinte alone is more or 
less exposed to surprise, aa it must havo outlets of some 
description to keep np a commnnication with the exterior, 
and a bridge, or other means for crossing the ditch. 

But this is not the only defect of a fortification of this 
simple character ; for having no covers hejond the ditch 
for its garrison, their action must be restricted to what may 
he tenned a passive resistance alone ; in any attempt to 
operate on the exterior, thoy are exposed to fire as soon as 
they emerge from the ditch, and in a retreat towards the 
work, if closely pursued by the assailant, they will not only 
run the risk of being cut off, but a retreat under such cir- 
cumstances may lead to the capture of the work itself, by 
the assailant being enabled to enter it with the retreating 
force. 

To provide against dangers of so grave a character, engi- 
neers have devised other defences Beyond the ditch, and 
which they have placed in immediate defensive relations 
with the enceinte, being under its tire, and in positions 
where, if assaulted, they can be readily succored by the 
garrison. To this class of exterior defences the term out- 
works has been applied. 

From their position, exterior to the enceinte, and from 
their angular form, so as to be ilanked by it, the outworks, 
with the enceinte, fonn salient and reentering parts, which 
are very favorable to the security of sortie parties in re- 
tiring ; and as, if properly arranged, the assailant must 
take theni in succession, they will greatly prolong the 
defence, by forcing him to a great development of his 
trenches ; through which, in some of the positions he will be 
obliged to occupy, he will be tiie enveloped party Besides 
this, he will be obliged to establish breach batteries against 
each work in succession, always a difficult and perilous task. 

45. The outworks should satisfy the following condi- 
tions to render them effective and secure. 

1. They should have revetted searps of sufficient height to 
seeure them, from, any ordinary c^en assault. 

2. Asfar asprackcable their scarps should he flanked ly 
the enceinte, and he masked from the positions of the ossom- 
anfs latteries. 
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3. Their parapets and covered shelters sJwuld he shot- 
proof. 

4. Those which are most retired should command those 
m, advance ; and wheriever this cannot be done the retired 
■work ehoidd be deJUed from the one in advance by which it 
is commanded, 

5. In any coinbination of outworks the dispositions should 
he such that the more advanced oties shall fall into the hands 
of the assailant before he will be able to gain possession of 
the m,ore retired. 

6. The comm/unioations should be ample, and satisfy the 
general conditions for these elements. 

46. The works which come under this head are the 
coveredrway, the ienadUe, the demi-lune, the counterguard, 
the redoubt or reduit, tlie tenaillon, the horn-work, and 
the crown-w&rh 

47. Covered-Way. Tiie covered-way, as its name im- 
ports, is an open corridor or passage, masked tVoni the 
assailant's view by an embankment, which borders the 
ditch of the enceinte alone when there are no other out> 
works ; but, in the contrary case, also envelops the ditches 
of these, forming thus a continuous covered line of com- 
munication around the Ibrtiflcation. 

The covering embankment itself is arranged towards the 
covered-way lite an ordinary parapet, and it receives on 
the exterior a gentle slope or glacis. 

By this arrangement the garrison have a covered position 
beyond the ditch where they can assemble with safety, 
either for the purpose of making a sortie, or to guard the 
ditches and the communications across them; and which 
affords them also a secure point of retreat if repulsed in a 
sortie, as a reserve left in the covered-waj' will be at hand 
to check the pursuit by their fire, and enable the retreat- 
ing party to gain the enceinte. 

48. Places-of-Arms. The covered-way, from the direc- 
tion given to the counterscarps of the enceinte and out- 
works, forms a line of communication with salient and re- 
entering parts, Pis. 8, 9, Figs. 80 to 85. 

The sahent portions, s,are t&rmed salient places-of -arms ; 
and the reentering parts the reentering places-of-anns. 

The salient placee-of-arms, it will be seen, result from 
the general plan of the covered-way ; but the reentering 
places-of-arms are formed by changing the directions of the 
two branches where they form the reentering, k, so as to 
make a salient within the reenterings ; thus enlarging the 
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covered-way at these pointa and producing a flanking 
arrangement, bj which the glacia can be swept, and a cross- 
fire be brought to bear on the ground in advance of the 
ealients. 

49. Traverses. The covered-way, from its position and 
the usually slight command given to the crest of its glacis, 
ia very much exposed to the effects of an enfilading fire. 

With a view to remedy this defect, and also to enable 
the garrison to dispute foot by foot the possession of this 
outwork by the assailant, earthen masks, formed like an 
ordinary parapet and termed traverses^ ai-e thrown up 
across it. The traverses usually extend to the counter- 
scarp, the wall of which is built up to SHstain them. 

At the end, towards the glacis, a passage, or defile, is left 
between tliem and the covering embankment, to admit of a 
free communication throughout the covered-way, 

50. Tenaille, The Tenaille is a low work placed in the 
reentering formed in the enceinte ditch by the curtain and 
flanks of the bastioned system, being isolated by a ditch 
between it and these parts of the enceinte. Its chief pur- 
pose ie to serve aa a mask, covering the acarp walla of this 
reentering from fire, as well as the outlets to the enceinte 
ditch, which are itaually placed in the centre of the cui-- 
tains. 

The tenaille has received various forms from engi- 
neers. In some cases it has been made with two faces or 
wings, making a reentering angle opposite the centre of .the 
enceinte curtain. In others the two wings, instead of being 
prolonged until they meet, are connected by a short curtain 
parallel to that of the enceinte. In some examples it has the 
form of a small bastioned front. In others it consists of two 
flanks connected by a curtain. These flants in some cases 
have been casemated for guns and mortars. The tenaille is 
usually revetted with masonry both in front and rear. In 
some cases the ends alone, towards the flanks of the enceinte, 
are revetted, the intermediate portions consisting of an ordi- 
nary earthen parapet without either scarp or gorge wall, 

51. Demi-lune. The demi-Iune, PI. 9, Figs. 81, 82, 83, 
84, is a work in the form of a redan, D, placed in front of the 
enceinte curtain, which it masks from fire, as well as a por- 
tion of each face of the enceinte, at the shoulder angles of^the 
bastions. It is isolated from the enceinte by the main ditch. 
From its importance the scarp and gorge of the demi-lune 
are generally revetted, though in some cases the revetment 
has been omitted. 
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52. Counterguard. The counterguard is an isolated 
■work, c, Fig, 80, in tbe form of a redao, whicli envelops the 
faces of a bastion. In some cases it consists simply of an 
earthen mask having the profile of an ordinary parapet ; but 
it is usually revetted both in front and rear. 

53. Redoubts. The term redoubt, or Hduif, is applied to 
outworks placed within other outworks ; their object being 
to strengthen the defence of the principal work. 

A work of this class is usually placed within the demi- 
lune, and is termed the demi-lune redmibl. Small works of 
this kind are also placed in the salient and regolering plaees- 
of-arms of the covered-way, and are termed the redoubt of 
(he salient, or reentering phce-ofarms. These redoubts are in 
some cases simple earthen works ; in others they are revet- 
ted ; and in others casemated both for the service of artillery 
and small -arms. 

54. Tenaillon. The term tenaillon, PI. 9, Fig. 81, is 
applied to a kind of fece cover, or counterguard, t, of the 
demi-lune. It is only to be met with in some of the old for- 
tified places of Europe, and was added to give more strength 
to fronts where the derai-luno was too small. 

55. Horn-Work. The horn-work, PL 9, Fig. 82, usually 
consists of a bastioncd front, h, with the ordinary outworks, 
having two long branches, ff, or wings, which rest upon two 
adjacent bastions, or two adjacent demi-]unes, dd, of the 
enceinte ; its covered-way forming with that of the enceinte 
a continuous line of communication. The object of this out- 
work is to strengthen a salient or other weak portion of the 
enceinte. 

56. Crown- Work. The crown-work, PI. 9, Fig. 83, con- 
sists of two or more bastioned fronts, c, with their outworks, 
placed in front of some portion of the enceinte, to give it 
additional strength. It is terminated like the horn-work by 
two wings, FF, which rest either upon the enceinte, or upon 
two demi-lunes, Du, Its covered-way, like that of the horn- 
work, forms a continuous communication with that of the 
enceinte. 



ADVANCED AND DETACHED WORKS, 

57. The term advanced works is applied to such woi-ks 
IS, placed beyond the outworks, are still in defensive rela- 
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tione with them and the enceinte, by being so brougbt under 
the fire of either the enceinte or the outworks that the 
ground in advance of them will be well swept hy this fire ; 
Sieir ditches flanked by it ; and their interior so exposed to 
it that, if the work were seized by an open assault, the 
aesaitant could be driven from it by this fire. 

Detached works are those whicli, although having an 
important bearing on the defence of the main work, are so 
far from it as to have to depend solely on their own strength 
in case of assault. 

Advanced works are usually in the form of redans or lu- 
nettes, and in some cases horn and crown worts, depending 
on the extent of ground that it may be thought necessary 
to occupy with them. 

Detached works depending solely on their own strength, 
should have a revetted scarp and counterecarp of sufficient 
lieigjit to present groat difficulties to an open assault, and 
have their ditches flanked either from the parapet of the 
■work itself, or bv caponnieres, or by counterscarp galleries. 

58. Advanced works are placed in positions which the 
assailant must necessarily make himself master of before 
he can approach nearer to tlie main work ; or on points 
which overlook ground that cannot be swept by the fire 
of the enceinte ; and sometimes on points which, inaccessi- 
ble to the assailant, give good position from which a flank 
fire can he brought to bear upon ground over which the 
assailant will be obliged to make his approaches. 

Kestricted to these pui-poses, an advanced work may be 
of great value in prolonging the defence ; and every pre- 
caution should be taken to secure the work from a surprise, 
and to give its garrison a safe means of communication 
with the outworks npon which they can retire when forced 
to abandon their work. 

In works of great extent, with full and strong garrisons, 
advanced works, by judicious combination with tiie works 
in their rear, may greatly enlarge the field of action of the 

farrison ; keeping the assailant at a distance and annoying 
im by frequent sorties in large bodies, made under tlie 
protection of the outworks. 

59. Detached works may be either of a polygonal or 
bastioned form, depending upon the extent of ground to be 
occupied ; the former being more suitable to small works 
to which the bastioned forin does not lend itself. 

They belong to the class of works termed forts, as dis- 
tinguished from fortresses. Their principal use is to occupy 
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ground likQ commanding heights, which, although not 
■within good sweep of the fire of the main work, is still 
within range of the heaviest calihres of the assailant, and 
which if occupied by him wonld prove a source of serious 
annoyance to the work. 

The more favorite mode now among engineers for the de- 
fensive works of cities, is to inclose them with a continuous 
enceinte of sufficient strength to repel an open assault, and 
to occupy positions in advance of the main works by forta 
which will force an assailant to take up ground too far off 
to reach the main defences by his Are, and to oblige him 
to get possession of one or more of these forts by a regular 
siege to enable Iiim to approach the main work. 

£i PI. 9, Pig. 84, is an advanced work, l, flanked by the 
demi-Iunes, d, of the enceinte. The plan of this work is a 
lunette with its covered-way and places-of-arms, a and s. 



INTEEIOE EETKBNCHMENTS. 

eo. Besides the works extenor to the enceinte, the object 
of which is to retard the assailant in his attempts to enter 
it by breaching, engineers have placed within it otlici" works 
which, in some cases, are designed simply to enable the 
garrison to make an effectual defence of the breach, when 
the assault upon it is made, and give them a secure point 
of retreat and safety when driven from it; and in others 
these interior works are chiefly designed to bring plunging 
fire to bear on the assailant's siege works exterior to the 
enceinte. The former class, intended for the defence of the 
breach alone, are termed interior retrenchments ; and the 
latter cavaliers. 

61. Interior retrenchments are eitlier placed within the 
bastions, which are the parts of the enceinte usually breach- 
ed, or in rear of their gorges. Those which are placed 
within the bastions, extend across them either between the 
faces or between the flanks. When placed at the gorge 
they connect the two adjacent curtains. 

The plan of these works varies with their position, the 
size of the bastions, or the moi'e or less openness of their 
salient angles. 

In small bastions with acute salients, wlien the retrench- 
ment rests upon the faces, it usually receives the form of a 
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tenaille or inverted redan, tlie angle of the tenaille being 
about 100<*. When the bastions are large and the salient 
angle quite open or obtuse, tlie retrenchment may receive 
the form of a email bastion front, PI. 9, Fig. 85, resting 
npon the facea. 

Either of these forms may in like manner be used, when 
the retrenchment rests upon the flanks of the bastion. But 
aa tbia position enables a retrenchment of the form of an 
ordinary redan to have its ditches swept by the lire of the 
flanks of the adjacent bastions, this form is in some cases 
used in preference. 

When placed between two curtains at tlie gorge of a bas- 
tion the plan of the retrenchment is always a bastioned 
front. 

62. Cavaliers are placed either upon the curtains or 
within tlie bastions. The latter is the more usual position 
selected for them. Their plan in this position is usually 
that of a lunette, the faces and flanks of which are parallel 
to those of the enveloping bastion. Cavaliers receive a 
considerable command over the parapet of the enceinte, 
and, in some cases, tliey are arranged with a tier of case- 
mated fire, above which is an open battery. 

Interior retrenchments and cavaliers are usually con- 
structed with a revetted scarp and counterscarp to secure 
them from an open assault ; and, in some cases, a covered- 
way, with a small reentering place-of-arms, e, PI. 9, Fig. 85, 
closed by traverses, is arranged in advance of the ditch, to 
insure the safe retreat of the garrison when driven from the 
breach. 
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CHAPTER 11. 

SYSTEMS OP PORTIPICATION. 

sirnininAnv, 

Description and analjBia of the bastioned system (Art. G3). — Methods of Vauban 
(Art 65).~DeBoriptLon of Tauban's 1st Method (Art. 68).— Deacription 
aod anaiyais of Corraootaigaa'a Method (Art. 77). — Method of the schooU 
of M^Ki^res and Meta(Art. 182).— Holaefs Method (Art. 99).— Choumara's 
Method (ArL S6). 

I. 

KASTIONED SYSTEM. 

63. A bastioned enceinte consists of a series of bastiona 
which occupy the salient angles of the polygon witliin which 
the enceinte is inclosed; the flanks of the bastions being 
usually connected by straight curtains. 

The sides of the polygon which connect the salient angles 
of the bastions are termed the exterior sides, in contradis- 
tinction to the sides of an interior polygon which, being 
parallel to the first and occnpying the positions of the cur- 
tains, are termed the interior sides. 

Tlie bastioned enceinte, when its relief and plan aro 
suitably arranged, possesses the advantages of having its 
ditches thoroughly swept from within the enceinte itself, 
thus securing the flanking arrangement of the scarp; of 
bringing a cross and flank fire to bear upon the approaches 
on the salients of the enceinte, and furnishing a strong 
direct and cross fire upon the site in advance of the cur- 
tains and the faces of the bastions. 

64. The principal objections urged against the bastioned 
system are : 

1. That its chief characteristic, a perfect flanking disposi- 
tion for the entire line of the scarp, is attainable only under 
certain relations between the requisite relieffor a permanent 
work and the lengths of the exterior side and curtain, which 
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tliereforo restricts it in its application to fortifications of a 
permanent character. 

3, That, in order to eecnre a sufficient length of flank for an 
eflfective flanking disposition, the nn^ls between the face 
of the bastion ana the exterior side, termed tlie diminis/ied 
angle of the polygon, has to be made so great as to decrease 
considerably the space inclosed within the polygon, whilst 
the development of the line of the enceinte ie greatly in- 
creased by it. 

3. That the direction necessarily given to the faces from 
this eanee throws their prolongations in positions very 
favorable to the erection of enfilading batteries against 
them. 

4, Tliat the flanks, upon which the whole system is based, 
lie in positions in which, like the faces, thev can be not 
only easily enfiladed but are further exposea to a reverse 
fire, from shot which may pass over the parapet of the 
faces as well as tlie opposite flank, 

6. And that these objections are the stronger as the salient 
angles of the polygon are smaller or as the number of sides 



Besides these objections, which to a certain extent are 
well founded, where the defensive arrangements are chiefly 
open, as is the case in most land fronts, others have been 
urged against this system which, being rather of a com- 
parative character, as showing the advantages of other 
s over this, will best bo examined e" 



VAUBAN 8 PIKST METUOD, 

65. Vauban has left examples of three different methods 
in the places planned by him. The fortress of New Brisac 
is fortified after his third method ; those of Landau and 
Befort after his second ; but the greater part of the places 
fortified by him are planned according to his first or earliest 
method. 

66. Profile of Enceinte. In the profile of this method, 
Pig. 1, PI, I., the scarp wall is 36 feet high, its slope being 
five perpendicular to one of base ; surmounting this is 
another wall from 4 to 6 feet high, tlie object of which is 
to sustain the exterior of the parapet. The parapet is 18 
feet thick, the superior slope being \ ; the interior crest is 8 
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feet above the terre-pleiii, which is 43 feet in width. The 
mean command of the interior crest above the site is about 
26 feet. The bottom of the diteli is about IT^- feet below 
the eito. 

67. Plan of Eneeinte. Yauban adopted no avhitrary or 
invariable eombination of parts in his methods. His great 
excellence as an engineer is shown in the skill with miich 
he adapted the fortifications he planned to the defensive 
requirements of the sites ; selecting long, medium, or short 
exterior sides, and varying the lengths and directions of the 
faces and flanks so as to procure the best command over 
the exterior ground, and to withdraw these pai-ts from the 
enfilading fire of the assailant. 

In his works, however, he has generally taken 360 j'ards 
as tlie greatest limit of the exterior side ; the perpendicular 
of tlie front J when the polygon is a square ; \ for the 
pentagon ; and J for all higher polygons. 

Witlt these starting-points he procured diminished angles 
which gave more than 60° to the salient angles of the 
bastions in all cases, and flanks of suitable length both to 
flank the main ditch and to encounter with advantage the 
counter batteries which could be erected against them. 

The following constructions both for the enceinte and 
outworks are taken from the beet French authonties as 
adopted by him for polygons higher than the pentagon. 

68. In the plan or trace (Fig. 2, PI, I.), the magistral is 
taken as the directing line ; tlie exterior side is 360 yards ; 
on the perpendicular of the front a distance of I the exterior 
side is set off; lines drawn through this point and the 
extremities of the exterior side, determine the directions of 
the faces, and the lines of defence ; from the salients a 
distance equal to | of the exterior side is set off, which 
gives the lengths of the faces and the positions of the 
shoulder angles; tiie flank is drawn by taking the opposite 
shoulder angle as a centre, and with a radius equal to the 
distance between the shoulder angles describing an arc to 
intereect the line of defence ; the chord of this arc is the 
flank ; the curtain is drawn by joining the extremities of 
the flanks. By this construction the flanks will be about 
54 yards ; tlie curtain, 146 ; and the lines of defence, 267 ; 
the length of these being determined so that the salients of 
the bastions can be defended with the rampart gun, or wall- 
piece. 

69. TenaUle. In many of the places constructed before 
Yauban's time there was a fausse-braie, enveloping the 
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enceinte and connected with it. This work wa8 suppressed 
by Vaubaii, who was the first to use the tenaillein its place. 
The tenaille is separated from the curtain by a ditch 10 
yards wide, and from the flanks by ditches of 6 yards. 

The form of tlie tenaille as used by Vauban was variable. 
la some cases he made it with a curtain and two small 
flanks parallel to those of the enceinte ; in others it con- 
eisted simply of two wings placed on the prolongations of 
the faces ; and finally, he gave it the form in Fig. 2, with a 
small cartain and two wings, which is the one at present 
most generally adopted. Tlie relief of the tenaille is so 
arranged as not to mask tlie fire of the flanks on the ditch 
flf the enceinte along the faces; for this purpose Vaiiban 
places its interior crest on a level with the site, or a little 
below it. 

The tenaille has many valuable properties ; it covers the 
postern under the curtain ; masks the masonry of the cur- 
tain and flanks, so that a breach cannot be made in them, 
and in tliis way prevents retrencliments, resting against 
those parts, from being turned ; a place-of-arms is formed 
between it and the curtain, where troops can be assembled 
for sorties in the ditches ; flnally, its fire sweeps the ditch 
and counterscarp, and helps to cover the retreat of troops 
from the other outworks. 

70. Main Ditch. Vauban followed no invariable rule 
in regulating the dimensions of the enceinte ditch ; its most 
usual width at the salients of the bastions, where the coun- 
terscarp is an arc of a circle, is about 36 yards ; the rest of 
the counterscarp is tangent to this arc, and directed npon 
the opposite shoulder angles. 

Tl. Demi-lune and Rgduit. Vanban increased the 
dimensions of the demi-lune, which had been used previous 
to his time. 

The object of this work is to secure the gates of the place 
from a surprise ; to mask from the enemy's batteries the 
flanks and curtain of the enceinte ; to give cross-fires on 
the salients of the bastions, and to favor sorties. 

The plan and dimensions of the demi-lune vary also in 
Vauban's works. Its magistral is generally laid out by 
taking a point on the bastion face at 10 yards from the 
shoulder angle, and drawing a line from this point to the 
perpendicular of the front, bo as to make the face of the 
demi-lune eqnal to -^ of the exterior side. The parapet of 
the demi-lune is the same as that of the enceinte ; its com- 
mand is 3 feet leas than that of the enceinte. 
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All tlie outworks in this Bystem are commanded by tho 
enceinte; the outworks most advanced being also com- 
manded by those in rear. 

The ditch of the demi-lune is generally abont 24 yards 
wide, and of the same depth as that of the enceinte; its 
counterscarp and that of tlie enceinte forming a continuous 
wall. 

12, To strengthen the demi-lune, and secure for the 
troops entrusted with its defence a safe retreat when it is 
carried, Vatiban placed in it a small redoubt. This work, in 
some instances, was only a simple loop-holed wall with a 
ditch in front ; Bometinies it was made of earth, and after 
the commencement of the siege. 

73. Covered-way. The covered-way envelops the en- 
tire counterscarp. The general width of tho covered-way 
is 12 yai-ds. 

To set out the reentering place-of-arms, two points are 
taken, at 20 yards from the reentering angle, made by the 
intenor crests of the covered-ways of the demi-lune an<t 
bastion, and npon these crests, and from these points as 
centres, with radii of 2i yards, arcs are described; the 
point of their intersection being joined with the centres 
gives the crests of the reentering place-ot'-arma. 

The parapet of the covered-way is terminated in a glacis, 
the foot of which is from 40 to 60 yards from the interior 
crests. 

1A. Traverses. To close the places-of-arms, and enable 
the troops to defend the covered-way foot by foot, ti-averses 
of earth formed into parapets are placed at the places-of- 
anns. Defiles or passages of 4 feet are left between the 
ti'averses and the crest of tJie covered-way, for the circula- 
tion of the troops. Tho covered- way is palisaded to prevent 
surprise. 

vauban placed a high Talne on this work, which, to use 
his own words, "costs less to the defence and more to the 
assault than any other work." The covered-way prevents 
all access to the ditch, by a strong fire of musketry, 
which sweeps all the exterior gronnti; it is a secure posi- 
tion where troops can be assembled in safety for sorties ; it 
covers the retreat of troops from the exterior into the 
other works. 

75, CommunioationB. In Vauban's front, ramps are 
made lo ascend from the plane of site to the terre-plein. 

A postern is made under the curtain to communicate 
from the interior with the ditch ; another postern is made 
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under the tenaille to lead to tlie demi-lune, A double capon- 
niere, whicli 18 a passage covered on eacli side by a parapet 
teiininated in a glacis towards the ditcli, covera the eom- 
innnication through the diteli to the gorge of the demi- 
Iniie. Single caponni^res are placed m tho diteli of the 
demidiine, and cover tlie troopa from the ciiemy'8 fire 
through its ditch. 

Stairs are placed at the gorges of the tenaille and demi- 
]pne, and along the counterscarp at the places-of-arniB, to 
ascend from the ditch to the terre-pleins of those works. 

To communicate with the exterior, narrow openings are 
made in the faces of the reentering place-of-arms, to lead 
from tlie terre-plein to the glacis ; they are termed sortie- 
panaagea or sally-ports : and are closed by barriers. 

76. Analysis. In the tra^i adopted by Vauban for the 
enceinte, it may be observed that the length and positions 
of the lines of the front, resulting from it, are in good 
defensive relations both for cannon and small-arms, 

1, The foot of the scarp, throughout the length of the 
cnrtain and the bastions, is thoroughly swept by the iire 
of the flanks. 

2. The length of the flank is sufficient to contain as many 
cannon at least as the assailant can place to counter batter 
the flank from the glacis crest opposite the flank ; and the 
flank can also bring an efficient nre of small-arms to bear 
on this battery of the assailant. 

. 3. Thebastion8arecapacious,and wouldadmitof efiicient 
interior retrenchments being thrown up in them, although 
Vauban does not indicate this auxiliary in his firet method. 

4. The tenaille was devised mainly to mask the scarp 
wall of the curtain and flanks, whilst its relief was so regu- 
lated as not to intercept the fire of the flanks on the enceinte 
ditch before the bastion faces. 

The plan of the earlier tenaillcs consisted of two flanks 
connected by a curtain, which were parallel to the same 
lines of the enceinte. This form was subsequently aban- 
doned, as the flanks were found to be exposed to both an 
enfilading and reverse fire, from the assailant's positions in 
front of the eEceinte;and the one now in most genera! use, 
consisting of either two wings simply, or of two wings con- 
nected by a short curtain, adopted in its place. 

Tlie tenaille, however, only partially suhserves its object, 
as it does not cover the entire height of the scarp of the en- 
ceinte cnrtain and flankB;and,whati8 a more serious defect, 
it leaves the entire height of scarp of that portion of the cur- 
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tain, opposite to the ditcli between the tenaille anti the 
bastion flank, entirely exposed, from the same position, and 
liable to be breached. 

5. From the small size of the demi-Inne, it gives but little 
cover to any portion of the enceinte scarp except the curtain. 
It is not suffieieutly thrown to the front to give a good 
volume of cross-fire on the glacis in advance of the bastion 
salients ; and the reBntering formed at this point, by the two 
adjacent demi-lunes, is, from the same cause, ehallow and of 
but little strength. Owing to this last defect the assailant 
can easily breach and stoi'm the enceinte at the same time 
88 the demi-lnne. 

Besides these defects the demi-!une is not provided with a 
permanent reduit, a work necessary to enable the demi-lnne 
to make a vigorous defence, by the support it afi^ords the 
assailed. 

6. From the width given to the demi-lune ditch, the 
covered-ways are exposed to a slant reverse fire, from which 
they are but badly screened by the traverses. Their com- 
mand over the site is rather too little. Tlieir main defect, 
however, is the small size given to the reentering place-of- 
arms, and the failure to secure this important position for 
assembling troops for sorties by a permanent r^dnit, by 
which any open attackofthe covered-way could be checked, 

7. The dimensions given both to the enceinte and demi- 
lune ditches present a formidable obstacle to an open 
assault, and render the assailant's passage of the ditch by the 
Bap also more difBcult. The demi-lnne ditch, however, oifers 
a wide opening through which the scarp of the bastion-faeo 
can be seen down to its foot from the assailant's batteries oa 
the glacis crest in the prolongation of the demi-lune ditch. 

8. Tliecomnmnieationswithin the enceinte, and from it to 
the main ditch, are sufficient and convenient for tlie charac- 
ter of the defence designed. Those of tlie outworks are for 
the most part narrow, mconvenient, and but badly screened 
from the assailant's fire, and therefore do not furnish a good 
provision for an active defence beyond the enceinte. 

9. Tlie great command over the site, and the high relief 
given to the enceinte, are very much in favor of the defence 
both as to the efi'ect of the fire on the assailant's approaches 
and for security against an escalade. But in attaining tliese 
objects Vauban has left exposed to the assailant's distant 
lire a considerable portion of the scarp wall, which, being 
destroyed, would lay the enceinte open to a surprise. 
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OORMOSTArNGNE's METHOD. 

77. Cormontaingne, the immediate Buccessor of Vauban, 
holds a place only second to this master of the art in tlm 
estimation of the engineers of the French school, Cormon- 
taingne, who to superior abilities united a wide range of 
experience both in the construction and in the attack of 
pennanent works, studied with great care the results of 
Vauban's immense labors. In planning the front which 
has received his name, Cormontaingne seems to have applied 
himself rather to remedy the defects noticeabJe in the 
methods of Vauban, than to produce any radical change in 
the combinations which bad thus far received the sanction 
of engineers p^neraily. He was thus led to reject the 2d 
and 3d methods of Vanban, and to take the 1st method as 
the basis of his own changes. 

78. Cormontaingne was the first to develop clearly the 
influence of large demi-lunes on the progress of the attack, 
by theirfonning deep reenterings between them in front of 
the bastion ealients ; and also the increased strength gained 
by fortifyinu on a right line, or on polygons with & great 
number of sides, as ip both of these cases the fronts assailed 
cannot be enveloped by the assailant's works, and the demi- 
lunes from their salient position intercept the prolongations 
of the bastion -faces, and tlius mash them from the positions 
from which aione an enfilading fire could be brought upon 
them. 

79. He likewise lays down as a principle that no masonry 
should be exposed to the distant batteries of the assailant, and 
to obtain this point he has so arranged the height of bis 
principal scarps, and the command given to the glacis crest 
m front of them, that the top of the scarp shall not lie above 
the level of the crest, thus masking from view the entire 
scarp, by the earth forming the glacis, from all positions in 
advance of the glacis crest. 

His modifications of the plan and profile of Vanban's Ist 
method, chiefly result from the above as a basis. 

80. Enceinte. The modifications of Vauban's tra9^ 
(Fig, 4, Pi. I.) are different in the various works of Cormon- 
taingne ; but the following he indicates in his memoirs as tlie 
one preferred by him. 

The exterior side is 360 yards ; the perpendicular f ; the 
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faces of the bastions ^ of tlie exterior side ; tlie flanks are 
40 yards, and are so placed that the curtain shall be 120 
yards. This combination makes the lines of defence some- 
what less, and the bastions larger than in Tauban'a method. 
Tiie dimensions of the enceinte ditch are so regulated by 
Cormontaingne as to furnish earth sufficient for the embank- 
ments. It is 28 yards wide at the salient, and from 2 to i 
yards wider opposite the tenaille ; this admits the entire lire 
of the flanks to sweep the ditch, 

81. TenalUe. The tenaille is made with a curtain and 
wings; a ditch 10 yards wide being left between it, the 
curtain, and the flanks. 

82. Demi-Iune. Cormontaingne placed little Talne on 
small demi-lunes, as they form but sliglit and therefore 
weak reeoterings before the bastions, and consequently 
retard bnt little the enemy's attack upon them; besides 
this, a small demi-lune coveJ"8 bat very imperfectly the 
shoulder angles of the bastions. 

To remedy these defects, his demi-lune is so laid out 
that the prolongations of the magistrals of its faces will 
intersect tlio bastion-faces at 30 yards from the shoulder 
angles; the lengths of its faces being 120 yards. 

The ditch of the demi-lune is 20 yards wide ; its depth 
is the same as that of the enceinte. By thus enlarging 
the demi-lune, sufficient space is gained to place a strong 
r^duit in its interior. The defence of the demi-lune may 
be made with more obstinacy from the support it receives 
from the rednit; and the enemy will be obliged to carry 
it before he can assault the breach he may have made 
in the bastion face, as this bi-each is seen in reveree by 
the fire of the flanks of this work. 

83. Demi-lune Rfeduit. To circumscribe as much as 
practicable the space in the demi-lune which the enemy, 
after he gains it, requires for his works, the extremity 
of the demi-lnno terre-plein, whicli is also the top of the 
counterscarp of the reduit, is drawn at 20 yards from 
the magistral of the face; the ditch of the reduit is 10 
yards wide, and the magistral of its face is parallel with 
the counterscarp. By this arrangement the ditch is well 
flanked by the face of the bastion near llie shoulder 
angle. 

To lay out its flanks, the counterscarps of the enceinte 
are prolonged to intersect the perpendicular of the front ; 
from this point of intersection a distance of 20 yds. is set 
off along each countei-scarp ; the two points thus obtained 
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are joined by a right line, wliich is tlie gorge of the work : 
from the extremities of the gorge two hues are drawn 
parallel to the capital of the demi-lune, these lines limit the 
terre-piein of the flanks ; the magistrals of the flanks are 
drawn pai-allel to and at 16 yards from the last lines, 

84. Covered-way, &c. The general width of the co- 
vered-way is 10 yards. Corinontaingne enlarged consider- 
ably the reentering place-of-arms, to which iie added a 
r^diiit with a revetted scarp and counterscarp. The addi- 
tion of this work is a great improvement npon the covered- 
way of Vanban, who indicates in his works small reduits 
of earth, or tambonre of wood, for the same purpose. 

Cormontaiiigne's r^diiit increases the strength of the co- 
vered-way ; the troops assembled in the covei"ed-way for 
sorties are secure under its fires; it sees in reverse, and 

Erotects any breach made in the face of the demi-liino ; 
nally, it serves, in connexion with the extremity of the 
demi-lune, to cover the opening left between the flanks of 
the bastion and the wings of the tenaille, thnjughwhich, ifa 
breach was made in the cnrtain, the interior retrenchments, 
resting upon either the flanks or faces of the bastion, could 
be turned. 

To lay out the interior crests of the reentering place-of- 
arms, two points are taken on the counterscarps of the bas- 
tion and demi-lnne at 54 yards from their point of intei-sec- 
tion ; from these points as centres, with radii of 60 yards, 
arcs are described, whose intersection joined with the cen- 
tres gives the direction of the faces. 

The magistral of its r^duit is found by a similar construc- 
tion ; distances of 40 yards being set off along the counter- 
scarps, and the faces being drawn from tliese points so as 
to be 36 yards long. The ditch of the reduit is 5 yards wide 
and 2^ yards deep. 

Traverses are placed along the covered-way, to close the 
places-of-arms, defend the covered-way, and intercept pro- 
jectiles fired in ricochet. 

The crest of the glacis is broken into a cremaillfire line, 
to allow room for the defiles of the traverses. The short 
branches of the cremaill&re throw a fire on the salients of 
the covered-way ; the positions of tlie long branches are bo 
taken that the defiles may be seen and swept by the fire of 
the works in their rear. 

85. Profiles. Cormontaingne, after a sei'ies of ti'ials, 
whose object was to give the ditches such dimensions that 
they should furnish the earth reCLuired for the embauk- 
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ments, regulated tlie command of the different works as 
follows : 

Tiie lowest work, which is the demi-lune covered- way, he 
lays down as a rule, shall command the exterior ground by 
not less than 7^ feet ; and the works most advanced shall 
be commanded by those in the rear. 

It was found that, for the purpose of equalizing the ex- 
cavations and embankments of the front, the crest of the 
demi-lnne covered-way should have a command of 10|- feet 
above the natural ground. 

The crest of the bastion covered-way, and of the reenter- 
ing place-of-arms, commands the crest of the demi-hmo 
covered-way by 2 feet 

The magistral of the enceinte is horizontal, its elevation 
being the same as the mean elevation of the crest of the 
bastion cove red- way. 

The scarp wall is 30 feet high. Tliis diniension has 
since been generally adopted by engineers, a wall of tliis 
height opposing a sufficient obstacle to an attempt at esca- 
lade. 

The salient of the bastion commands its covered-way 
by 8 feet. The absolute relief of the flanks is 38J feet. 
"With this relief a piece, firing under a depression of \ 
through an eml»rasure in the flank, and in the direction of 
the curtain, will strike the bottom of the ditch at the 
middle point of the curtain ; so that were the relief in- 
creased, the lengtti of curtain remaining the same, the ditch 
would no longer be thoroughly flanked. 

The relief of the tenailie is determined as in Vauban's 
method, so as not to mask the fire of the flanks upon the 
ditch opposite the extremity of the demi-lnne ; as it is here 
that a breach may be made in the bastion face, through the 
ditch of the demi-lune. 

The demi-lune is commanded bv the enceinte 3 feet, and 
by its own reduit 1^ feet. The aemi-lune, therefore, com- 
mands its covered-way 7 feet, which is more than is indis- 
pensably requisite ; for an enemy standing on the crest of 
the covered-way cannot have a plunging fire into a work 
in tlie rear of it, if the latter commands its crest by 5 
feet. 

The r6duit of the reentering placo-of-arms commands the 
crest of the glacis only i^ feet ; its interior crest is so placed 
as not to mask the fire of the bastion faces on the glacis in 
advance of it. 

The interior crests of all the works are 7^ feet above their 



hv Google 



56 ELEMENTS OP PERMANENT FORTIFICATION. 

terre-pleina, except that of the tenaille, which is 6^ feet ; 
and of tiie rdduit of the reentering place-of-arina, which ia 9 
feet. 

The ioterior crests of the faces of all the works exposed 
to enfilading liree are one foot liigher at the salients than at 
the extremities. 

The profile of the parapet of the principal outworks is the 
Bftine as that of tlie eiiceiotc. 

86. Conununications. The communications are gene- 
railv of the same nature, and placed about in the same 
positions as in Vauban's method. 

87. G-laois. The planes of the glacis are so determined 
that they may be swept by the fire of the works in the rear ; 
their inclination is usually about twenty-four base to one 
altitude. 

Interior Retrenchments. Cormontaingne indicates the 
gorge and shoulders of the bastioa as the position for an 
interior retrenchment, when this addition to the front is 
made solely with a view of disputing the breach in the 
bastion and its interior with the assailant. In this case he 
gives the retrenchment the form of a tenaille, or a bastioned 
front, resting it either upon the shoulder angles of the bas- 
tion, or upon the two adjacent curtains on points beyond 
the prolongation of the ditch between the tenailles and the 
flanks, and in this position he gives it the form of a bas- 
tioned front. 

In the former case, the portion of the interior of the bas- 
tions between the flanks is preserved for the defence, bat 
the retrenchment is liable to be turned, by a breach made 
in the flank, or in the portion of the curtain where it joins 
the fiank. In the latter case a breach in the bastion places 
the whole of tlie interior within view of the assailant, but 
the retrenchment itself is secure, from its position, from being 
turned, as a breach in the curtain cannot be made in rear 
of it. 

88- Cavsdier. When a greater command of the site 
than that afforded by the enceinte is requisite on any front, 
Cormontaingne places a cavalier within the bastion. To 
this work he gives the same form as that of the bastion ; 
placing the faces and flanks of the two parallel to each other. 
The faces of the cavalier are alone revetted, as well as the 
counterscarp of their ditch, which is cut within the bastion. 
This ditch is broken off at the shoulder angles of tlie cava- 
lier, and directed upon the faces ; these portions also hav- 
ing a revetted scarp and counterecarp. A parapet is thrown 
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up behind the scarp and between the flank of the cavalier 
and the bastion faces ; thns isolating the anterior portion of 
the bastion, and furnishing; an interior retrenchment which, 
when the eiioulders and flanks of the bastions are masked 
from the assailant's view, can only be carried by a breach 
made either in the cavalier face, or in the portions resting 
on the cavalier and bastion faces. 

89. Analysis. From the preceding description, it ap- 
pears that the most important modifications made by Oor- 
montaingne in Vauban's first method, consist : 

' . In the means taken to cover the masonry from distant 



2. In more capacious bastions susceptible of receiving 
efficient permanent interior retrenchments. 

3. In an enlarged demi-lune, which places tlie bastions 
in strong regntenngs, covers tlie shoulder angles, and ad- 
mits of a reduit in its interior, which work etrengthena the 
demi-Iune, and^sees in reverse tlio breach made in the 
bastion face. 

4. In an enlarged reentering place of-arms, containing a 
reduit which strengthens the entire covered-way, and covers 
the movement of the troops in sorties. 

These modifications, although of great value, and con- 
stituting an important step in the art, still leave much to 
be desired ; and engineera since Cormontaingne'e time have 
fionght to remedy Uie defects of his method, of which the 
following are the principal : 

1. Tlie enceinte has rather too slight a command, and ia 
without any bomb-proof sheltere. 

2. The inclination of the superior slope of its parapet, 
which is J, is too small to have the ditches well flanked. 

8. A breach can be made in the bastion face tlirough the 
ditch of tlie derai-lune. 

4, There are dead spaces in the ditch of the demi-lune, 
near the extremities of its faces. 

6, The reduit of the reentering place-of-arms is not tena- 
ble after the demi-lune is taken, 

6, The traverses of the covered-way do not afford the 
requisite protection to that work. 

7. Finally, the communications are mostly inconvenient, 
and not well covered from the assailant's fires, 

80. Counterguard. Vauban, in his third method, forms 
his enceinte with a high scai-p wall, of tlie same dimensions 
and form as in Lis first method ; and he procures his flank- 
ing arrangements for the enceinte by small bastioned towers 
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of masonry, whicli are casemated in tlie lower story, and 
liave an open batteiy in the upper, covered bj a masonry 
parapet. 

This enceinte lie covers with epacions counterguards of 
the form of lunettes ; the faces, flanks, and gorges of which 
are revetted, and which cover the baetioned towers of the 
enceinte ; and between the flanks of these eounterguarde, 
and covering the curtain of the enceinte between the bas- 
tioned towers, he places a teitaille. 

A demi-lune, in the form of a lunette, is placed in front of 
the counterguards and tenaille; within which he has placed 
a r^duit wiOi a revetted Bcarp and counterscarp. The whole 
of tliis combination of outworks he incloses with a covered- 
way arranged in the nsual manner. 

91. Cormontaingne uses the counterguard only as an ex- 
ceptional outwork ; and has applied it, in some of the works 
constructed by him, to strengthen a point that would other- 
wise have been too weak ; but not, as by Vauban, as a 
constituent part of his method, 

92. Two of the mtst eminent modem engineers, Coe- 
hoorn and Carnot, in their methods, use earthen counter- 
guards to cover their enceintes, giving them only sufficient 
thickness at the top for a parapet and a banquette for in- 
fantry ; so that, being taken by the assailant, he will not find 
sufficient room to place a breach batteiy upon their terre- 
pleins against the enceinte. In this way they serve chiefly 
as masks or face covers to the enceinte faces. 

93. Haxo forms of the counterguard a constituent ele- 
ment of his method, giving it, like Vauban, the tbrm of a 
lunette. 

94. Noizet, although adopting the features of Cormon- 
taingne's method as the basis of his, speaks of the counter- 
guard as a valuable, and sometimes a necessary, element of 
a front ; preferring it in some cases to the demi-lune. 

Like al! other outworks, when used, it should bo flanked 
by the enceinte flanks; be swept on the interior by the 
fire of its faces ; and not intercept their fire on the ground 
in advance of it. 
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METHODS OP THE 80H00LS OF MEZIEEE8 AND METZ. 

95. The School of Application for engineer and ai-tilleiy 
officers, first established at M^zi^res and subsequently at 
Metz, has given to France, from about the period of the 
French Revolution down to the present day, the far greater 
portion of the many able officers who have gained such uni- 
versal and deserved celebrity for these two corps. 

In these schools the precepts of Vauban and Oormontaingne 
have been jealously regarded as the highest authority, and 
their manuscripts and published works have formed the 
basis of the instruction given in them. 

96, Some slight modifications were proposed in the front 
of Cormontaingne by two engineej-s, VfiatiUon and Duvig- 
neau, and taught by them in the course of permanent for- 
tification given io the school. These changes chiefly con- 
sisted in enlarging the demi-lune and making it more salient ; 
and in placing in the flanks of its reduit casemates for can- 
non witli reverse views on th^ breaches that might be made 
in the bastion faces. 

97. The teaching of the school of Metz has received its 
principal impress from General Noizet, himself a pupil of 
General Haxo, regarded as the first among the successors 
of Vauban and Oormontaingne, who for several years, whilst 
a captain of engineers, performed the functions of professor 
of fortification, and who has recently given to the public 
the results of his lectures delivered in the school. 

98, The front which, for some years back and up to the 
present time, has been taught in this school, goes by the 
appellation of Noiseffs Method. In it there is no sensible 
departm-e from the views and methods of Yauban and Oor- 
montaingne ; the object being to introduce such modifications 
into the front of the latter as would remedy some of its 
acknowledged defects. 

In doing tliis, anotlier object was kept in view which was 
to present, in the combinations of this front, a problem, in 
the solution of which the pnpil would be called upon to 
apply both the elementary principles of fortifications and 
the geometrical methods that the engineer has to use as his 
principal tool in aneh problems, to a special case, that ot" 
a front adapted to a horisonttd site. It is in this point of 
view that the analysis and construction of this front have 



hv Google 



60 ELEMENTS OP PERMANENT FORTIFICATION. 

been adopted as the basis for the elementary iustruetion 
given in permanent fortification in this InBtitution. 



99. General Requirements. IN'olzet in his front takes 
as the basis of the construction of the enceinte the length of 
the exterior side, and the command ; assuming these within 
the limits laid down by Vauban and Cormontaingne ; and in 
the combinations of outworks with the enceinte fmlowing the 
latter engineer ; introducing only such modiii cations as seem 
to beat fulfil the general conditions of the problem. 

100. General data of the Enceinte. In the following 
description and analysis of the front of Noizet, the plane of 
compaiison is assumed at 60 feet below the horizontal plane 
of site, the reference of which will be therefore (fiO.O). The 
yard is taken as the unit for the horizontal dimensions of 
the plan; and the foot as the unit for the references and 
vertical dimensions. 

Converting the French measures into their equivalent 
English nnits, the exterior side of the front is 380 yai-ds ; 
the height of the scarp wall 33 feet ; the command of the 
interior crest of the curtain over the plane of site 31 feet ; 
and its height above the magistral 13 feet. 

The dimensions of the exterior side and of the relief, as 
here given, are so taken as to secure an efiicient flanking 
arrangement of the curtain ; and of the outworks by the 
bastion faces, 

101. Profile of Enceinte. (PI. 11., Fig. 4.) The profile 
of the enceinte here given is similar to that of Cormon- 
taingne, and was adopted by subsequent engineers until 
the more recently inoiBfied one ali-eady described. 

Its slopes and dimensions are as follows : — The scarp and 
counterscarp slopes ^, or one base to twenty altitude. 
Exterior slope ■}-, or 45°. Superior slope i. Interior slope 
f. Banquette slope ^. Hampart slope |. Terre-pleins 8 
feet below the interior crests. Berm 2 feet. Distance be- 
tween the magistral and foot of the exterior slope 1.5 feet. 
Thickness of parapet 20 feet. Height of interior crest 
above the banquette tread 4.5 feet. Genera! width of terre- 
plein eetimateti from tlie vertical through the interior crest 
48 feet. 

102. Magistral of the Curtain. The length of this is 
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determined by tlie condition that the artillery fire from the 
flanks, under the depression of ^, shall attain a point at 1.5 
foot above the bottom of the ditch at the centre of the car- 
tain ; the bottom of the ditch itself at the centre being, for 
the purposes of drainage, 1.5 foot higher than at the extre- 
mities of the curtain, tnus giving to the scarp a height of 
31.50 feet at the centre instead ot 33 feet, the general height 
throughout the enceinte. 

Supposing now a section (PI. II,, Figs. 2, 4,) to be made 
through the ftank by a vertical plane passed through the 
foot of the curtain scarp, and that a line be drawn in it, 
parallel to the superior slope and at 3 feet below it, to re- 
present the direction of the artillery fire, this line must 
attain the point at 1.5 feet above the bottom of the ditch at 
the centre of the curtain, to fulfil the required condition of 
a thorough flanking disposition throughout the entire ex- 
tent of the enceinte. If, tlien, a horizontal line be drawn 
fi-om the point to be attained to intersect the vertical through 
the interior crest, it will be the horizontal distance between 
the interior crest and the centre of the curtain, and, from 
the construction, will be equal to six times the perpendi- 
cular distance intercepted between it and the line of artil- 
lery fire. 

Now, from the above there is given to calculate this 
base, the entire height of the interior crest above the bot- 
tom of the dilch itSO feet; the height of the same point 
above the line of artillery fire 3 feet; and the height of the 
point to be attained above the bottom of the ditch 1.5 feet. 
The distance sought, therefore, will be 6(44.50 feet — 4.50 
feet) = 240 feet 

To obtain the length of the magistral corresponding to 
this distance, it will only be requisite to subtract from it 
the horizontal distance between the interior crest and the 
point of the section corresponding to tho magistral of tbo 
ilank. 

This l^t distance is composed of the thickness of the 
parapet ; the base of the exterior slope ; and the berm. 
The Jii-st is 30 feet. The second is found by taking from 
the height of the interior crest above the magistral, which 
is 13 feet, one-sixth the thickness of the parapet, or 3.33 
feet, which gives 13 feet — 3.33 feet = 9.66 feet. The third 
is 1.50-feet. The required distance, therefore, is 240 feet 
— (20 feet + 9.66 feet + 1.50 feet) = 208.84 feet, or 69.61 
yards. 

103. Magistral of Enceinte. (PI. II., Fig. 5.) Hav- 
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iiig found the length of the magistral of the ciirtain, the 
projection of the magistral of tlie enceinte on the plane of 
reference is determined as follows : 

Draw a line for the exterior side, and set off on it ab = 380 
yards; hiseet this diBtance by a perpendicular, on which 
set oif CD^-J- AB = 63.33 yards; from a and s draw lines 
through D, these are tlie directions of the faces and lines of 
defence ; draw a parallel to cd on each side of it, and at 
69.61 yards, the length of the half curtain, from it, join the 
points o and h where these parallels intersect the lines ad 
and BD prolonged ; gh is the position of the curtain ; gb 
and HA the lines of defence; from g and h draw a line 
making an angle \ with the perpendicular to the curtain at 
each of these points ; the parts qe and fii of these last lines 
are the flanks, and ae and bf the faces. 

Tlie position of the magistral with respect to tho plane of 
reference is determined as follows : 

The magistral of the curtain is horizontal. As it is 13 
feet below the interior crest, and this line is placed at 21 
feet above the plane of site, the magistral is 8 feet above 
this plane, and therefore, from the position given the plane 
of comparison, 68 feet above this last plane ; its reference, 
therefore, is (68,0). The flank is 1.6 feet lower at the 
shoulder than at the cnrtain angle, the reference of the 
shoulder is then (66.50). The face is horizontal, and its 
reference also (66.50). 

104. Manner of determining the position of a point 
of the Interior Crest. To determine the projection of a 
point of the interior crest contained in a profile plane, the 
height of the point above the magistral being known ; we 
first subtract from this height J- the thickness of the parapet, 
the remainder will be the height of the exterior crest above 
the magistral, and, when the exterior slope ie 4-, will also be 
the base of the slope ; adding together tno thickness of the 
parapet, the base of the exterior slope as just determined, 
and the distance from the foot of the exterior slope to the 
magistral, the sum will be the horizontal distance between 
the magistral and interior crest, or the distance to be set 
off, along the trace of the profile plane, from the magistral, 
to obtain the projection of the required point of the interior 
creet. 

105. Interior Crest of the Enceinte. (PI. II., Fig. 6,) 
The position of the interior crest above the magistral is 
fixed as follows. That of the curtain is parallel to the 
magistral and 13 feet above it. Those of the flanks and 
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faces of the baation are contained in the same plane, the 
Ecale of declivity of wbicli is taken parallel to the bastion 
capital. The position of this plane is determined by plac- 
ing its horizontal, which coincides with a pan-coup^ 4.30 
yards in length at the bastion salient, at 4.50 feet above the 
horizontal drawn through the points where the flanks join 
tlie curtain. 

The reference of the interior crest of the cnrtain from the 
above data will, therefore, be (81.0); and the horizontal 
distance of any point of it from the magistral 31.lt> feet, or 
10.38 yards, as these two linos are parallel. 

Having drawn the projection of the interior crest of the 
curtain, the point where it joins the flank may be deter- 
mined approxinaately, and with enfficient accuracy, by bi- 
secting tlie curtain angle of the magistrais, and taking the 
point where the bisecting line cuts tne interior crest as the 
extremity of the flank. From this point, of which the 
reference is (81.0), if a lino be drawn perpendicular to the 
bastion capital it will bo the horizontal (81.0) of the plane 
of the interior crests of the bastion ; that at the pan-conp6 
is 4.50 feet higher, and its reference will, therefore, be 
(85.50). 

To nnd the position of this last horizontal, which is also 
that of the pan-coup6, draw two lines parallel to the bastion 
capital and 2.15 yards from it ; they will limit the pan-conp6. 
Now, as the extremity of the pan-coup6 is a point of the in- 
terior crest of the bastion face, and its reference is (85.50), 
the height of this point above the magistral is 19 feet, as 
the reference of this last line is (66.50). The horizontal dis- 
tance, therefore, from this point to the magistral is (20 feet 
+ 15.66 feet -1- 1.50 feet) = 3T.16 feet = 12.38 yards. 
Drawing a parallel, therefore, to the magistral of the face 
and at 12.38 yards from it, the point where it cute the paral- 
lel to tlie capital, at 2.15 yards from it, will be the required 
point, through which the horizontal (85.50) is drawn. 

Having two horizontals of the plane, its scale of declivity 
can be constructed, and other horizontals be determined. 
The projection of the point of the interior crest of the face 
on any given horizontal can be found by the same process 
as tlie one just described. For example, take the horizontal 
(84,0); the perpendicular distance of the point on it from 
the magistral is (20 feet -M 4.16 feet + 1.50 feet) = 35,66 
feet, or 11,88 yards. The two points thus determined, being 
joined, will give the projection of the interior crest of the 
face. 
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To find that of the flaDk, of which one point {81.0J has 
been found, bisect the ehonlder angle of the magistral,. the 
point where the bisecting line cuts the interior creat of the 
face will give approximately the other extremity of the line 
required. 

106. Remark. The constructions for the interior cresta, 
just given, are only approximations to a trne result: as the 
horizontal distances calculated, bein;^ thus contained in pro- 
file planes, ought to have been set off perpendicular to tho 
projection of the interior crest ; but the difference between 
the results of this approximate methijd and one rigorously 
accurate will, in the present case, be so small, owing to the 
slight divergence between the projections of the magistral 
and interior crest of the face, as not to affect, in anv appre- 
ciable degree, the real positions of the requiretf pomts. 
The eamo remarks are applicable to the constructions for 
finding the extremities of the fiank. 

107. Parapet of Enoeinte, " Having drawn the interior 
Greet of the enceinte, all the other lines of the parapet— 
except the toot of the exterior slope — and the inward line 
of the terre-piein, are drawn parallel to it. The foot of the 
exterior slope is drawn parallel to the magistral. 

108. Terre-plein of Enoeinte. (PI. ll., Fig. 6.) The 
terre-pleina of the faces and flanks are in a plane parallel 
to that of their interior creat and 8 feet below it, estimated 
vertically. To find the reference of any horizontal of the 
terre-plein, it will be only necessary to subtract 8 feet from 
the corresponding one of the interior crests. Thus (85.50) 
being a reference of a horizontal of the interior crest, that 
of the terre-plein corresponding is (77.50). 

The terre-plein of the curtain slopes 1 foot from the foot 
of tlic banquette slope to its inward line, which places thia 
last 9 feet below the interior crest. 

109. Rampart Slope and Ramps. (PI. II., Pig. 6.) 
Tlie rampart slopes are planes of | passed through the in- 
ward lines of the terre-pleins. The lines of intersection of 
the rampai't slopes and plane of site are found in the visual 
way. 

The ramparts leading from the plane of site to the terre- 
plein receive an inclination of |, and they are 4.30 yards 
wide. Two of them are placed on the curtain ; one on the 
flank ; and one on the face. 

110. Analysis of Constructions adopted for the En- 
ceinte. !Noizet, in the plan of his enceinte, has adopted 
dimensions and constmctiona which give results, for the 
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moat part, the same as those of Van ban and Connontaingne, 
mating tho defensive jiroperties of these different metliods 
abont equal. 

The extent of the extenor side, the length of the curtain, 
the diniiiiiBhed angle, and the direction aBsmned for the 
flanks, produce a combination giving an eiilcient flanking, 
both as to direction and amount of lire, for the entire scarp, 
and a powerful cross-fire npon the covered-way and its 
glacis in advance of the bastion salient. 

The lines of defence, by this combination, being -n-ithin 
the effective range of emall-armB, and the flanks capable of 
receiving a battery superior to the counter batteries that can 
be brought against them from the glacis crest of the oppo- 
site covered -way. 

The dimensions and form of the proiile are those neuaUy 
adopted ibr permanent works, where tiie embankments ure 
formed of ordinary earth, and the revetment walls of good 
mason ly. 

They are snch as experience has shown will give durabi- 
lity and stability to tho masonry, from the pressure of the 
embankments, and the ordinary cansus of destructibilitj to 
which it is liable when exposed to the weather ; and to the 
rampart and parapet the strengtli to resist the action of the 
heaviest artiller;-, whilst they offer to the assailed every 
convenience for tlieir prompt action, and the nse of their 
arms. 

The width and slopes of the ramps arc regulated for the 
passage of artillery. Where the height to be overcome is 
slight, as that between the terre-plein and barbette, the 
slope of the ramp may be as gi-eat as ^, and its width be 
3.30 yards. "Where tiie height is greater, tho declivity of 
the ramp shouki be proportionally less steep, and its width 
be 4.30 yards at least. 

The position of the terre-plein with respect to llie interior 
crests is that usually considered necessary to give shelter to 
the troops and materiel on it. 

By inclining that of the bastion, the materiel and person- 
nel on the faces, and flanks are better covered from tiie en- 
filading and ricochet fire than they would be if the terre- 
plein was horizontal ; as a ball passing over the salient will 
reach an inclined terre-plein at a point farther from the 
salient than one which is liorizontal. 

The height, 4.50 feet, at which the salient is placed above 
the curtain, is as great as can be admitted in a hexagon, 
the least polygon to which the trago adopted is applicable ; 
5 
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because, if placed iiigber, the plane of the interior crest of 
the bastion, prolonged back, would intersect the plane of 
site in a line which would fail without tlie salients of the 
two adjacent bastions of the polygon, and these bastions 
would tlierefore not cover the one between them from re- 
verse fire. 

The slopes moreover of the terre-pleins keep them in a 
serviceable state, by not allowing the rain-water to collect 
and remain upon them. 

Ill- Particular Conditions of the Outworks. Tie 
outworks, besides satisfying the general conditions already 
laid down, are connected with each other by several minor 
relations of defence and suitableness, growing out of their 
relative positions, wliich give rise to many seemingly arbi- 
trary constructions and details for each one, the beai-ing of 
wliich cannot be clearly explained until a description of the 
wiiole as a system has been gone into. 

The scarp walls of outworks, as well as their gorges where 
they are exposed to be turned, should not bo less than 12 
feet higii to secure them from a sudden open assault. 

Their parapets are of the same form as that of the enceinte ; 
and for the more important ones, which are much exposed 
to the artillery of the assailant, of the same dimensions. In 
those less exposed, the thickness of the parapet may be re- 
duced to 12 feet, or i yards. 

The terre-pleins of the smaller outworks, which are not 
habitually armed with artillery, should not be Jess than 8 yards 
wide ; those of the larger should not be less tlian 10 yards. 

The banquette treads of outworks, like the caponnieres 
and covered-ways, require a palisading for their greater 
security from assault, should be 6 feet wide. 

U2. Tenaille. (Pi, III., Figs. 1, 2.) The fonn of the 
tenailte is that of Cormontaingne's front ; the magistral of its 
curtain being parallel to that of the curtain of the enceinte, 
and the scarp of its wings on the prolongation of the scarp 
of the bastion-faces, 

A ditch of 13 yards is left between the gorge of the tenaille 
and the enceinte curtain ; and one of 11 yards between each 
of its wings and the flanks. The magistral of its curtain is 
horizontal, and 13 feet above the crests of the double capon- 
niere. The magistral of each wing is a broken line, the 
lowest point of it being 13 feet above the bottom of the 
eneeinte .ditch. Its gorge and the extremities of its wings 
are revetted. Its interior crest is horizontal throughout, and 
4.50 feet below the magistral of the enceinte curtain. The 
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thicknoss of its parapet 12 feet. The widtli of the terre- 
plein at its curtain 8.66 yards. The parapet is terminated 
at the wings by traverses 12 feet thick, which extend from 
the interior crest to the scarp wall of tlie wings ; the top of 
each travei-se is on the eame level as the interior crest. 
Tlie traverses are terminated towards the parapet by planes 
off 

To construct the principal lines of the tenaille from the 
preceding data, first draw a line parallel to the enceinte 
curtain, and 13 yards from it, for the gorge of the tenaille 
curtain ; another line parallel to this, and at 8,66 yards, is 
the interior crest, of which the reference is (63.50V as it is 
4.50 feet below the enceinte magistral at the curtain. 

A level passage at 31.50 feet below the magistral of the 
enceinte curtain and at the reference (36,50), leads from 
the main ditch between the enceinte and tenaille, nnder 
this last work, and through a double caponni^re in the main 
ditcli in advance of it. The crests of the caponniere are 9 
feet above the level of the passage and at the reference 
(45.50) ; and the magistral of the tenaille curtain is 13 feet 
above these crests and at the reference (58.50). Tlie interior 
crest of the tenaille having the reference (63.50), is there- 
fore 6 feet above its magistral. The horizontal distance 
then between the magistral and interior crest is 12 + 34- 
1.5=16.5 feet or 5.50 yards ; and as these lines are horizontal, 
tlieir projections will be parallel and at this distance 
apart. 

The interior crest and ma^tral of the wing will result 
from the following data. The scarp wall of tlie wing ex- 
tends to the top of the traverse reference (63,50) ; its magis- 
tral then descends, from this level in the plane of {, which 
terminates this traverse, to a level of 13 feet above the 
bottom of the enceinte ditch, which being at this part 3 
feet lower iJian the passage of the double caponniere, and 
at reference (38.50), will give (46.50) for the reference ot 
the lowest point of the magistral of the wing ; the reference 
of the point where it joins that of the cnrtain being as 
already determined (58.50). 

To find then the lowest point of this magistral, draw a 
line 12 feet or 4 yards from the extremity of the wing, for 
tlie exterior line of the traverse ; parallel to this line draw 
another at 17 feet = 5.66 yards, which is the base of the 
slope of -f that terminates the traveree; where this line cuts 
the line of defence is the required point. The horizontal 
distance between this point and the interior crest, calcu- 
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lated ill the usual manner, is 12 + 15 + 1.50 — 28.50 feet 
= 9.50 yards. 

Describing from the point just finmd an arc -with a radiiia 
9.60 yards, and from the otJier extremity of the magistral 
another arc with a radius 5.50 yards, and drawing a tan- 
gent to these arcs, it will be the interior crest of the 
wings. 

The gorge line of the wing is not drawn parallel to the 
interior crest, but determined as follows. Trom the point 
of intersection of the interior crests of the cni'tain and 
wings describe an arc witli a radins 8.66 yards; from the 
point where the enceinte cnrtain magistral prolonged cuts 
the interior crest of the opposite flanlr, draw a line tan- 
gent to this arc, which will be the direction of the required 
line. 

The gorge wall rises to the level of the terre-plein. That 
which terminates the wing is limited by the planes of the 
parapet, terre-plein, and top of the traverse, and is termed 
a profile wail, from the iiirm of its outline. 

113. Analysis of Construotions, etc., of the Tenaille. 
The tenailie is more important as a mask than as a defen- 
sive work. It covers the postern in the cnrtain, and also 
the masonry of the flanks and curtain from the enemy's bat- 
teries ; which last is an essential point, if there are interior 
retrenchments resting either on tlie flanks, or curtain of the 
enceinte, as it will then be impracticable for an enemy to 
turn them, as he cannot make a breach in the enceinte be- 
hind the tenaille. 

As a defensive work its fire bears upon the ditches, and 
their counterscarps, and it tlius serves to cover the retreat 
of the troops from the other outworks. 

When tlie ditches are dry, it is an indiepensahle part of 
the front, as the space in its rear forms a large place-of-arms 
where troops can be assembled to manojuvre against the 
enemy when in the ditches. 

Van ban and Cormontaingne, we have seen, so fixed the re- 
lief of the tenaille as not to mask the fire of the flanks on 
the breach in the bastion. It is on this principle thatNoizet 
has determined the position of its interior crest, and placed 
it at 4.50 feet beiow the magistral of the curtain. 

In regulating its scarp wall, it is supposed that an enemy 
would attempt an assault from some poijit in the dead space 
in front of it ; and its height is therefore arranged so that no 
part of it shall be less than 13 feet above any point that the 
enemy might there occupy. 
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The position given to its interior crest still leaves some 
portion of the masonry of the enceinte behind it exposed ; 
but were the exposed part battered away, there would be 
still a formidable height of scarp left to the enceinte, the 
parapet of which also would be but slightly diminislied in 
thieliness by it. 

The portion of the enceinte flank exposed, near the 
shoulder angle would be very considerable, were the ex- 
terior slope of the tenailie parapet extended to the extremity 
of the wing; it is to prevent this that a traverse is here 
placed. 

The tenailie is seldom armed vjith cannon, although mor- 
tars are frequently placed in it; on this account its ierre-plein 
ts reduced to 8.66 yards. 

Every part of the ditch between the tenailie and curtain 
should be swept by the flanks. It is to satisfy this condition 
that the gorge line of the wing is so drawn as to be seen by 
the piece that flanks the curtain of the enceinte. 

The tenailie, although procuring decided advantages to 
the bastioned form, deprives it of one of its characteristic 
points, that of flanking every part of the ditch. Por, in 
front of the tenailie, there is a dead space, where an assailant 
could assemble in safety to assault it. This defect, however, 
is of trifling magnitude, since were the tenailie taken, he 
could not establish himself in it; and the width given to the 
ditch, between it and the enceinte flank, is such as to pre- 
clude any attempt to escalade the enceinte from the top of 
the tenailie. 

The terre.-plein of the tenailie is inclined, for the purpose 
of defiling it from the enemy's establishment on the terre- 
plein of the demi-lune redoubt. The inclination of the plane 
of defilement depends on the arrangement of this redoubt. 

U4. Double OaponniSre. (PI. III., Figs. 1,2.) The pas- 
sage of the double caponni^re is 3.30 yards wide at the bot- 
tom and on the same level as the bottom of the ditch at the 
middle of the curtain reference (36.50). The interior crests 
of this work arc at 9 feet above the bottom of the passage ; 
they are liorizontal, and their reference (45.50). In the pro- 
file of the eaponni^ro the base of tlie interior slope is 0.50 
yards ; the banqnette is 2.0 yards wide ; and the base of the 
banquette slope 3.0 yards; the horizontal distance then 
between the interior crest, and the foot of the banquette 
slope, is 5.50 yards, which being doubled, and added to 3.30 
yards the width of the passage, gives 14.30 yards for the dis- 
tance between the interior crests. The crests are drawn par 
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allel to the perpendicular of the front, and limited by the 
curtain of the tenaille on one side, and a line drawn parallel 
to, and 3.30 yards within the exterior side on the other. 

The embankment of the caponniore is terminated on the 
exterior by a glacis, ■which ia prolonged to tlie bottom 
of the ditch. This glacis is determined, oy passing a plane 
through the interior crest of the caponniere, and through 
the shoulder angle of the interior crest of the opposite bastion 
lowered three feet. 

The caponniere is terminated towards the exterior side 
by a profile wall, along the line at 3.30 yards within the 
exterior side j tliis wall is prolonged from the exterior line of 
the banquette tread, to apoint at 2.0 yards beyond the inte- 
rior crest ; at tliis point the direction of the wall is changed, 
so that, being prolonged, it may cutthe interior crest ot the 
enceinte flank, at a point 4.0 yards from the shoulder angle. 
The remaining part of the embankment on this side is ter- 
minated in a glacis, the plane of which is passed through the 
interior crest of the enceinte curtain, and throngh a line on 
the bottom of the main ditch at 4.0 yards within the exterior 
side. This plane intersects the first glacis in a line, a h, PI. 
in., Fig 2, which is prolonged to its intersection, b, with a 
line, b c, on the first glacis, at 6.66 yards from the interior 
crest. A parC<if .ihe first glacis is terminated at this line by 
a plane of -J-; the line of intereection of this plane of | 
with the 8econdglaci8,isproIonged to intersect the line of the 
this wall directed on the flank, which gives tlie point where 
wall terminates. 

As the bottom of the enceinte ditch has not yet been fixed 
thronghout, its intersection with the flrst glacis still remains 
to be determined. 

115. Analysis of the Double Caponniere. The capon- 
niere serves both as a communication, and as a defensive 
work for the ditch. As the former, tiie pnasage should ad- 
mit of a convenient circulation, without being too wide, 
which has determined its widtti at 3.30 yards. The interior 
cresta should cover the troops within the caponniere from 
the enemy's establishments on the crest of the bastion cx)v- 
ered-way ; a relief 9 feet has been found sufficient for this 
purpose. 

As a defensive work, its fire should sweep the ditch. It 
is for this purpose that its embankments are arranged on the 
interior aa an ordinary parapet^ and on the exterior in the 
form of a glacis. Its banquette tread is made2.0 yards wide, 
as it should be palisaded. 
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In order that the embankment of the caponni^re may not, 
by its relief, form dead spaces in the ditch, the plane of the 
first glacis is arranged so aa to be swept by the artillery fire 
of the opposite flank. The plane of the second glacis, atid 
the return wall, are so arranged as to be swept by the fire of 
the curtain, and of a part of the flank. 

The portion of the first glacis, near the extremity, is made 
into a glacis coupe, leaving a sufficient thickness of parapet to 
cover the pat sage. 

116. Magietrals of Deml-lune Scarp and Counter- 
scarp. (PI. Ill,, Fig. A.) To construct the magistral of the 
demi-luce, two points are taken on the exterior side at 103 
yards from the perpendicular; through these points perpen- 
diculars are drawn to the exterior side; the points where 
they cut the magistral of the bastion-faces are joined, and on 
this line an equilateral triangle is constructed ; its sides will 
give the directions of the magistral of the demi-lune. The 
extremity, b, of the deniiOutie face, is found by drawing a 
line at II yards, without the exterior side. 

The counterscarp of the demi-lune is-pai'allel to the scarp 
and at 18 yards. 

U7. Counterscarp of the Enceinte. (PI. III., Fig. 3.) 
To construct the counterscarp of the enceinte, an arc is 
described from the salient of the bastion, with a radius of 26 
yards; a perpendicular, b f, of 6.60 yards is drawn to the 
demi-lune face ; if a tangent be now drawn to the arc, and a 
perpendicular be demitted from the point, f, on the tangent, 
iheir point of intersection, f , should fail on the line drawn 
through the extremity of the double caponnie're parallel to 
the exterior side. The point f is found, by constructing the 
curve which is the locus of the above conditions. The arc 
with the tangent drawn through f is the magistral of the 
counterscarp. 

118. Redoubt of the He-entering Place- of-Arms. (PI. 
III., Fig. 3.) To determine the magistral of the redoubt of 
the reentering place-of-anns^ aline is drawn throngh the 
point, b, of the demi-lnne face, and the extremity of the 
curtain, and prolonged beyond the demi-lune counterscarp. 
A point, a, is next taken on the perpendicular, at 5.0 yards 
from the demi-lnne salient ; and through this point and a 
point, c, assumed on the demi-lune conntei-scarp, an indefi- 
nite line is drawn, A line, c d, is next drawn, making an 
angle of 60" witli the line, a c. Two lines, c' d', and c' c", 
are drawn, the first parallel to c d, and 4.30 yards from it ; 
the second parallel to a c, and at 3.0 yards from it. If the 
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point of intei-section, c', of these two lines falls on the line 
drawn tlwoiigh b, it will be tlie angular point of the re- 
doubt; and the line c' d', the magistral of one of its faces. 
If the point, c', does not fail on the line drawn through b, 
then a second point, c, must bo chosen, and the same con- 
Etriiction be again made. The different intereections, o', 
will be points of a ciirvo, which is the loeus of the above 
conditions; and the intersection of this curve, with the 
line drawn through b, will give the reqnired point. Hav- 
ing. the face, e' d', the other face is determined as follows : 
a line is drawn parallel to the demi-liine counterscarp, and 
at 27.0 yards frotn it; a point is found on tins line, and at 
7.83 yards from c* d' ; fj-om this point with a radius of T.83 
yards, an arc is described ; a tangent drawn to this arc, 
from a point on the interior crest of the bastion-face, at 13 
yards from the pan-conp6, is the direction of tlie re- 
(juired face, d' d", which is terminated at the bastion coun- 
terscarp, 

119. (Ft. HI., Fig. 3, and PI. IT., Fig. 1). The ditch of 
the redoubt is horizontal ; and the reference of its bottom 
is determined by eupposing the plane of the superior slope 
of the bastion-face to be prolonged to the enceint-e counter- 
scarp ; finding the reference of tlie point, d", in this plane, 
and t^aking a point i.50 feet below this, the reference thus 
found is (57.90).. The scarp wall of the redoubt is 13 feet 
higli ; the reference of its magistral will therefore be (70.90). 

The salient of tlie interior crest is 5.33 feet-above the 
magistral ; its reference is therefore (76.23), and its projec- 
tion is evidently the point which we have already deter- 
mined, at 7.83 yards from the magistral. The interior crest 
of the face, d' d", has a slope of two feet from the salient, 
to the extremity of this face, which condition fixes tlio ex- 
treme point of the interior crest at 7.16 yards fi-om the 
majjistral. 

Having the interior crest of one face, that of the other, 
c' d', is found from the scale of declivity of the plane of the 
interior crest.. Tliis scale is drawn parallel to the bastion 
capital ; and since we have already found two points of the 
interior crest, by referring them to this scale, we can, as in 
the case of the bastion, determine any required point of the 
other face. 

A small flank of 6.0 yards is made perpendicular to the 
line, c' c", the line of the profile wall of the face c' d'. 

The terre-plein of the redoubt is 8.66 yards wide ; its gorge 
is revetted with a wall 13 feet high. 
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120. Analysis of the Redoubt, etc. Havinfi given the 
construction of the principal lines of the redoubt, we will 
now give the reasons in support of" them. 

We first observe, that on account of the ditch between the 
tenailie, and the enceinte flank, a breach might be opened in 
the curtain, by means of a battery, estabhslied on the glacis 
of the reentering place-of-arms, if there was no mask 
between the ditch referred to and this glacis. By placing 
the angle, c, of the redoubt, on the line drawn through the 
extremity of the curtain, and the extremity b of the demi- 
lune, it is readily seen that tliese two works so combined 
cover the opening left by the ditch ; since, it will be neces- 
sary to batter down either the angle, c', or the angle, b, to 
Tinmask the cnrtain. The means liere resorted to is of fre- 
quent use in fortification ; and tlie problem may be thus 
stated : a line being given, which is partially covered iy an 
existing mass, from fires in a given direction, to interpose 
another m/fss, which comhined with the first, sJiall entirely 
m.ash the given line. 

We have thus established that the point c', sball be found 
on the line drawn tlirough } and the extremity of the en- 
ceinte curtain. 

The communication along the gorge of the redoubt to its 
ditch is by means of stairs, placed along the profile wall, 
c' c". The width of the stairs is 2.0 yards. The stairs, 
like all other com muni cations, to be safe, must be covered 
from the enemy's fire. The point where the enemy can esta- 
blish himself, to fire on the stairs, is along the crest of the 
demi-Inne covered- way, around the salient place-of-arms. It 
is readily seen, from the position of the stairs and the demi- 
lune, that this work will partially cover tlie stairs; and, 
therefore, we shall only have to inteipose some other mask, 
comhined with it, to attain the object in view. The mask 
used is the point o, which is the angle of masonry formed by 
the connterecarp walls of the demi-lune and redoubt ; the 
ditch of the redoubt being here 4,30 yards wide. 

The position of the point a, througfi which the line a c is 
drawn, is so taken on the exterior slope of the demi-hine 
parapet, that the line of fire drawn through it will paSfl 
over a man's head, at the top of the stairs. 

The angle c', between the profile wall and face wall, is 
made 00°, as this is. the minmium angle for masonry, to 
give it sufficient strength. The minimum is here taken to 
bring the face c' d", as far in as possible, and thereby make 
the reentering as deep as the case will admit of. 
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The object of the redoubt is to strengtJien the covered- 
way, and sweep with its fire the enemy's establishments on 
the glacis of the demi-Iune. The principal worka on this 
glacis are the breach and eonnter batteries, which occupy a 
space of about 17.0 yards, estimated from the crest of the 
^acie; if to this we add 10 yards, for the mean width of 
the covered-way, we obtain the distance 27.0 yards, which 
is the least distance tliat the salient of the redoubt can be 
from tlie connterscarp of the derai-lune, to sweep the entire 
flank of the batteries. 

The direction given to the face d' d", is such as to allow 
of its being flanked by the bastion-face. The face is tlirowii 
ont as far towards the salient of the bastion covered-way as 
possible, for the purpose of crowding the space along the 
crest of this covered-way, which the enemy I'equires for his 
batteries. 

The redoubt being directly in front of the bastion-face, 
its relief should be reduced, that the fire of this face may 
not be too much masked. To efiect this, we commence by 
establishing tlie bottom of its ditch, so that the point of it 
nearest the bastion may jnst be seen by tlie musketry fire 
of the face ; we then adopt nearly a minimnm relief of 
scarp wall ; finally, we arrange the interior crest of one 
face, so as to allow no exterior elope at one extremity and 
make the other at the salient 2 feet higher. This slope of 
2 feet and the direction given to the scale of declivity of 
the interior crest, deterinme a plane of defilement for the 
redoubt, tiio prolongation of which will pass at about 3 feet 
above the salients of the two deini-lnneB, wliicli are sym- 
metrically situated with respect to the bastion capital. This 
is done in accordance with a principle generally adopted, 
that when one work is lees advanced than another, and 
commanded by it, the piano of its interior crest prolonged 
should pass 3 feet above the points which the enemy can 
occupy on the advanced work — which from the nature of 
the attack must fall first into his possession — so that he may 
not have a plunging fire into the retired work, from his 
establishments, which are generally about 3 feet above tlie 
parapet of (he work occupied. 

The smalt flank of 6.0 yards perpendicular to the profile 
wall, is to obtain a reverse fire on the breach made in tiie 
demi-hme. The gorge of the redoubt is revetted to secure 
it from an assault. 

121. Demi-Lune Redoubt. (Pl.III.,Fig.3, andPl.IV., 
Figs. 1, 3.) The salient of the redoubt is 33.0 yards from the 
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magistral of the demi-luiie ; finding a point on the perpen- 
dicular, at this distance IVoni the magistral, we obtain the 
salient. The magistral of the face is found hy drawing a 
line from this point, to the interior shoulder angle of the 
hast ion. 

To find the position of the interior crest of the face, the 
reference of the magistral must be given, and the scale of 
declivity of the plane of the interior crest. To determine 
the first, the salient of the demi-lune interior crest is placed 
at S feet below that of the enceinte cuj'tain ; this gives (78.0) 
for the reference of this point. The salient of the magis- 
tral of the redoubt is fixed at 8 feet below the salient of the 
denii-Inne, which gives its reference (70.0), The magis- 
tral slopes from tlie salient towards the extenor side, and 
this slope is arranged, so that the point where the magistral 
cuts the exterior siiie shall he 5.70 feet, or 1.90 yards lower 
than the salient; the reference then of this point will be 
(64.30). Having thus two points of the magistral, its posi- 
tion is fixed. 

To determine now the interior crest, a pan-coupe of 
4.30 yards is made in the salient of the redoubt, and this 
commands the salient of the demi-lune by 1.5 feet. The 
reference then of the pan-coupe is (79.50). From the pan- 
coup6 to the gorge of the redonbt, which is on the exterior 
side, the plane of the interior crest has a slope of 1.5 feet, 
and its scale of declivity is parallel to the perpendicular. 
To find the crest from the above data, it may .be observed 
that the problem is similar to the one already solved in 
the case of the bastion ; except, here the magistral being 
an inclined line, the distance ot any one of its points, to the 
point on the interior crest, contained in a profile, is not 
known, since only one of the points is given. The following 
is the method, which applies to all similar cases, for doing 
this. It will be observed, that if the foot of the exterior slope 
be drawn, it will have the same slope as the magistral. 
Through the foot of the exterior slope then, which is known, 
the plane of the exterior slope whose inclination is \, is passed. 
If any horizontal line be now drawn in this plane, the hori- 
zontal distance between this line and a known point of 
the interior crest, contained in a profile, can be readily 
found. 

To apply this to the case in point, first draw the foot of 
the exterior slope, which is 0.50 yards from the magistral ; 
the reference of this line atthe salient is (70.0), and at the 
gorge (64.30). To obtain the horizontal of the plane of the 
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exterior slope whose reference is (70.0), describe from the 
point (64.30), an arc, with a radius 5,70 feet, or 1.90 yards ; 
the tangent drawn to this arc, from the point (70.0) is the 
required line. The reference of the pan-eoiip6 being (7&.50), 
its distance from this horizontal line, — the thickness of the 
parapet being 20.0 feet,— is 26.17 feet, or 8.72 yards ; and 
the reference of the interior crest at the gorge being (78.0), 
its distance from the same line is 8.22 yards ; the two points 
thns found fix the position of the interior crest of the face. 

The redoubt is made with ilanlta, the interior crests of 
which are parallel to the perpendicular, and 22.0 yartfs in 
length. To find the flanks, draw a line parallel to the exte- 
rior side, and at 23.0 yards ; where this cuts the interior 
crests of the faces, will be the interior shoulder angles of 
the redoubt, from which the flanks are drawn parallel to 
the perpendicular. 

Tiie magistral of tlie flank is horizontal ; its position is 
therefore easily found. 

Joining the point, b, of thedemilnne, with the extremity 
of the interior crest of the flank ; tlie direction of the wail 
which terminates the flank, the ditch of the redoubt, and 
the extremity of the demi-lnne is found. 

The terre-plein of the redoubt aiouff the face is 8.66 yards 
wide ; along the flank, the width is 1 1.0 yards. This torre- 
plein, whicii ie eight feet below the plane of tlie interior 
crest, is called the upper ; to distinguish it from the remain- 
ing interior space, called the lower terre^tlein^ and which is 
13 feet below thenpper, A portion of the upper terre-plein, 
tor a length of about 14.0 yards from the extremity of the 
flank, is sustained by a wall of masonry. A portion of the 
interior space between the terre-pieins of the two flanks, for 
about 0.0 yards from the exterior side, is excavated to the 
bottom of the ditch. 

Tile npper terre-plein, al<»iiS ^^'^ face, is connected with 
the lower by n slope of f. Two ramps 3.30 yards wide, 
witli a slope of f, connect the two terre-plcins. The details 
of these constrnctions are best studied-from PI. IV., Fig. 1. 
The scarp wall of the redoubt is 16.50 feet high. 

122. Analysis, etc., of the Bemi-lune Redoubt. As 
the object of the demi-lime redoubt has been already ex- 
plained, the reasons for the constructions employed in deter- 
mining its dimensions, etc., only remain to be stated. 

The redoubt should be as advanced as possible, to see in 
reverse the lodgments of the enemy on the glacis of the 
collateral works. To efiect this, its salient is taken at 33.0 
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yards from the demi-lnnc magistral ; this distance is siiffi- 
ciiint to allow their proper dimensions to the parts of the 
demi-liine. 

The face of the redoiiht ia directed on the interior shoulder 
angle of the bastion to have its ditch flanked by the bastion 
face. 

In placing the salient of the magistral at 8 feet below the 
salient of the demi-hme, the top of the scarp wall will be 
nearly on the level with the demi-lune terro-plein, Tliis 
arrangement wiil force an enemy, lodged on the demi-liine 
terre-plein, either to lower his battery to effect a breach in 
the redoubt, or else to employ a mine for this purpose; 
either of which operations will cost Kim much labor and 
loss of time. 

The least command has been given to the redoubt over 
the demi-hine, to enable the fire tif the redoubt to sweep 
the denii-lune terre-plein. This command of 1.50 feet, with 
the slope given to the plane of the interior crest, will prevent 
an enemy frpm having a plunging fire into the redoubt, from 
his lodgments in the demi-lune. 

The flanks of the redoubt are principally to procure a 
reveree lire on the breach in the bastion faces ; their length 
is estimated for 3 guns. 

The piece nearest the extremity of one flank should be 
covered by the extremity of the opposite flank, from the 
reverse fire which miglit come throiigh the redoubt gorge, 
from the enemy's lodgment on the bastion covered-way. 

The terre-plein of the flank is made 11.0 yards, as it is 
habitually armed with cannon. 

In tlie outworks, wherever it can conveniently be done, 
bomb-proof arches should be made, to serve as magazines, 
shelters, etc. This point has been effected in the redoubt, 
by the position given to the lower terre-plein; by this 
means suflicient space is gained under tlie flank for a bomb- 
proof shelter. Tlie terre-plein of the ilank is sustained by a 
wall, which is the interior facing of the shelter. 

The scarp wall of the redoubt might have been reduced to 
the minimum dimension of 12 feet. But on account of its 
importance, and also not to diminish too much the interior 
space, it has been found that the dimensions adopted, 16.50 
feet, best satisfy the requisite conditions. The top (5f the 
■wall slopes towards the gorge, so that at the shoulder angle 
it may be about 4 feet lower than at the salient ; the object 
of this is, to expose as small a portion of the wall as possible 
to the enemy's fire, through the demi-Iune cut; which from 
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its width, might admit of a breach being made in the 
redoubt, through it, from the enemy's lodgment on the 
reentering place-ot'-arms. It will be seen further on, how 
the Bcarp of the redoubt is covered by the bottom of the 
cut. 

12a Demi-lune and fta Out. (PI. III., Fig. 3, and PI. 
IV., Fig. 1.) To return now to the demi-lime and finish 
what relates to it, and tlie cut in its face. 

To construct the scai'p of the cut, the face, c' d', of the 
redoubt of the reentering place-of-arms, is produced to inter- 
sect the magistral of the demi-liine ; joining this point with 
the interior shoulder angle of the demi-lane redoubt, the 
magistral of the scarp is obtained. 

The exterior width of the cut is found by setting off 6.60 
yards on the deml-lune magistral, from the point where it 
18 intei-fiected by the face c' d'. To obtain the interior 
width, an arc with the radius of 10 yards is described, from 
the exterior shoulder angle of the demi-lune redoubt; a 
tangent is drawn to this arc, parallel to the face of the 
redoubt ; this tangent gives the direction of a wall, which 
limits the cut on the interior, and also the portion of the 
demi-lune, from the cut to the extremity of the face. From 
the point where the magistral of the cut intersects the tan- 
gent, set off 11.0 yards, which is the width of the cut on the 
interior. This ]ioint joined with the point on the exterior, 
gives the counterscarp of the cut. 

A parapet 20 feet tliick is made behind the scarp of the 
cut. The relief of this parapet is so determined that, at 
the highest point of the magistral, which is the point on 
the interior, there shall be no exterior slope ; which places 
the interior crest 3.83 feet above the magisti-al at this point. 
Tlie scarp wall itself, at this point, is 13 feet above the bottom 
of the cut on the interior ; and the interior line of the bottom 
is 13 feet nearly, above the bottom of the ditch of the redoubt. 
These conditions fix the reference of this point of the magis- 
tral at (76.17). The interior crest, whicli is horizontal, is 
therefore at the reference (79.50). 

The bottom of the cut lias a slope of 4.80 feet from the 
interior to the demi-lune scarp ; and the magistral of the 
cut ia parallel to the bottom, and at 13 feet above it. This 
gives the reference of the exterior point of the magistral 
yJl.ZI). The magistral of the demi-lune, from this exterior 
point to the point, b, is held horizontal and at the same refer- 
ence (71,37). The parapet of this portion of the demi-lune 
face is 12 feet thick ; its interior crest is determined, by pass- 
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ing a plane through the interior crest of the parapet behind 
the cut, and allowing the prolongation of this plane to paaa 
3 feet above the demi-lnne salient. The preceding data are 
Bofficient to determine the lines in question. 

124. AnaJyBiB of the Cut. The cut isolatea the part of 
the demi-lune, near the extremity of the face, from the salient 
portion ; this part being arranged with a parapet behind the 
cut, can be defended after theeneinyhas effected a lodgment 
on the demi-lune aalient. The cut thns prevents the enemy 
fromdrivingtlie besieged from the redoubt of thei'eentering 
place-of-arms ; which he might do, were the whole demi-lune 
to fall at once into his possession. 

The position of the cut is so determined as to allow the 
face of the dcmi-hmc redoubt to flank the face c' d'. "Wi- 
dening the cut on the interior facilitates this object. 

By making the interior line of the bottom of the cut 13 
feet above the bottom of the ditch, the scarp of the demi- 
lune redoubt is partly covered ; and at the same lime an 
obstacle is placed in the way of an enemy, who migiit at- 
tempt to carry the work behind the cut, by lii-st getting into 
the cat. 

It will be seen in examining the demi-lune ditch, that the 
slope 4.80 feet given to the bottom of the cut, still leaves a 
height of 15 to IS feet between the exterior line and the bot- 
tom of the demi-lune ditch, which will secure the cut from 
an assault on that side. The object of this slope is chiefly so 
to diminish the height of that part of tlie demi-lune scarp, 
from the cut to the point, b, that it may not bo exposed to a 
battery, which can be placed on the glacis of the reentei'ing 
place- oi-arms. 

As to the interior crest, it is placed as low as possible ; and 
is arranged to cover the interior from the plunging fire of the 
enemy when established on the demi-lune salient. 

125. Demi-lune. (PL IV., Fig. 2.) To retnrn to the demi- 
lune, of which only the magistral and the relief of the inte- 
rior crest at the salient have been determined. The magis- 
tral at the salient is placed ll.lOfeet below the interior crest; 
and as the reference of the latter is (78.0), the reference of 
the former will be (66.60). The magistral has a slope of 
1.50 feet from the salient to the cut ; and the interior crest 
is parallel to the magistral ; this condition will determine 
the interior crest when the salient is known ; and this is ar- 
ranged so as to have a pan-coup6 of 4.S0 yards. 

The scarp wall of the demi-lune is ii2.50 feet high. 

The terre-pleiii is 11.0 yards wide. A ramp 3.30 yards 
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wide, having a slope of ^, leads from the ditch of the demi- 
lune redoubt to the demilune terre-plein. The position and 
arrangement of tlie i-anip are shown in (PI. lY., Fig. 2.) 

The terre-plein is finished by a slope of earth, instead of 
being sustained by a wall, Tlie slope is thus arranged: 
the part terminating tlie ramp, is a plane of 4^; the portion 
in the angle is formed by an inclined cylindrical surface, 
which touches the two interior lines of the terre-plein ; the 
width of the ditch at the salient of the redoubt, terminated 
by the base of the cylinder, is 4.30 yards. The remaining 
portion of the slope "is formed of a warped surface, the ele- 
ments of which are horizontal, connecting the cylinder and 
the plane of ^. Tiiis construction ia purely arbitrary ; the 
object being to have tlie portion of the slope in the salient 
as gentle as practicable, so that this part may serve as a 
ranap for infantry. 

126. Analysis of the Demi-lune, etc. The principal 
properties of the demi-lnne were mentioned in describmg 
Oormontaingne's method ; and it was there observed that he 
improved upon Yauban's, by augmentingthe dimensions of 
the demi-lune. Engineer, since Cormontaingne, finding 
that the demi-hine still admitted of being enlarged with ad- 
vantage, have accordingly so determined its dimensions, 
that it may be thrown so far to the front as will still place 
the breach, which an enemy may make in its face, within 
the range of the musketry of the bastion-face. In large 
fronts, like this nuder consideration, the demi-lune may be 
thus made to cover about 30 yards of the bastion-faces from 
the shoulder angle ; and llms secure retrenchments resting 
against this part, from being turned by a breach made near 
the shoulder angle. 

These considerations limit the salient angle of the demi- 
lune to 60° ; and place the salient at not more than 210 yards 
from the bastion-face, as this distance will bi-ing the breach 
at about 180 yards from this face, or within the effective 
range of musketry. 

Tile demi-lune thus arranged, places tlie bastions, in all 
cases, in strong reentorings ; but when tlie angles of the 
polygon are very obtuse, the faces of the bastions prolonged 
also fall within the salients of the demi-lunes, and are, there- 
fore, not easily enfiladed. 

The fire from the demi-lnne is very effective on the en- 
emy's works along the bastion capitals. Finally, it is a 
work of which the enemy can only obtain possession after 
great labor and loss of time ; and when carried, it is with 
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great difficulty that he can render it tenable, as it is ex- 
posed to the iire of the enceinte, within a short range. 

Tlie demi-hme, with these advantages, is not without de- 
fects. Its faces, from their position, are exposed to an en- 
filading fire ; it deprives the curtain of all action on the 
exterior ground ; and it ia only when the angles of the 
bastion are very open that the regnterings formed by the 
demi-lnnes become of a formidable character. The glacis 
of the deirii-lnne eovei-ed-way forms a ridge, which is ser- 
viceable to tlie enemy by masking his works on one side 
of the ridge from the fire of tlie collateral works on the 
other. 

Having noticed these general properties of tlie denu- 
lune, the further particular constructions may be exa- 
mined. 

Ill terminating the face at H.O yards from the exterior 
eide, a passage made along tlie extremity of this face, and 
a face-cover for the bastion, of whicli mention will be made 
further on, are allowed for; moreover, the flank of the 
demi-hine redoubt, intended to defend the breach in the 
bastion-face by a reverse tire, is unmasked by it. 

The command of tiie cnrtain over the demi-hme is.reduced 
to the Tiiiuimnm ; and to obtain as much interior space for 
the demi-lune redoubt as practicable, the height of the 
interior crest above the magistral ia fixed at 11,40 feet, the 
interior space evidently depending on this height. The 
terre-pleiii ia reduced to 11.0 yards, partly, for the same 
reason, and partly to give an enemy great trouble in estab- 
lisliing a battery on it, as to do this lie will be obliged to 
cut awav a part of the parapet, and will thus expose the 
rear of tlie battery to the iire fVom collatei-al works. 

The terre-plein is terminated by a slope of earth, for eco- 
nomy, and also because this slope is favorable to offensive 
movements, made to drive the enemy from the breach. 

It is not probable that an enemy would attempt to carry 
the demi-lnne by escalade; it is well, however, to provide 
against such an attempt, in so importaiit a work; it ia 
chiefly on this account that the scarp wall is made 23.50 
feet high, Tliis dimension also allows the bottom of the 
cut to be so placed that it can be swept by the lire of the 
demi-lune redoubt. 

127. From the exposed position of the demi-lune terre- 
plein to enfilading lire, in the methods of Vauban, Cor- 
montaingiie, and Noizet, various devices have been proposed 
by engineers to remedy this defect. 
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Some have proposed raising a very Ligh "boriTiet at the 
salient, to act as a traverse and limit the effect of a plnng- 
ing enfilade. Others have proposed a curved pan-coup6 m 
the ealieht, of suiEcient size to mount several guns to fire 
in the direction of the capital. Others enggeet hreakina 
the faces into several crotchets, like the covered-way, and 
with like pnrpoBc. Others propose to draw the salient of 
the parapet so far inwards that the faces prolonged will 
fail without the limits of the assailant's enfilading positions. 
Others propose to occupy the salient with a high casemated 
traverse, to cover from enfilade, and to give a strong fire 
from the casemates on the assailant's approaches in advance 
of the salients of the adjacent works. 

1S8. Faoe-cover of the Biation. (PI. III., Fig. 3, and 
Ph IV.j i'ig. 1.) By prolonging the bastion counterscarp 
to the point, f , it serves as a face-cover to the bastion scai-p, 
masking it from the Ere of the breach battery erected around 
the salient pI.ice-of-arms of the demi-luue covered-way, 
The angle f of the fat^e-cover ie placed on the same line as 
the extremity of the double caponni^re, for the purpose of 
covering the troops as they debouche from the caponniere, 
from the enemy s eetabliahment along the glacis of the 
bastion covered-way, T!ie height of the wall at tlie point, 
f, is so determined as to intercept the enemy's fire, coming 
from a point 3 feet above the crest of the bastion covered- 
way, and passing at 7.50 feet above the bottom of the ditch, 
at the extremity of the caponniere. From the point f to 
the gorge of the redoubt of the reentering place-of-arms, the 
top of the wall ascends, so as to cover the ramp leading 
from tlie ditch to the top of the counterscarp at f f ; and 
also the passage leading from this point to the gorge of the 
redoubt. 

129. Single Caponnifire, and Traverse in the Demi- 
lune Ditch. Tills last passage is also covered from the 
enemy's works on the glacis of the demi-lnne salient place- 
of-arms, by the crest of a single caponniere, in the ditch of 
the demi-lnne. The glacis of this work is determined by 
passing a plane through the point (83.40) of the interior 
crest of the bastion-face, found by producing back the demi- 
lune magistral, and through two other points in the demi- 
lune ditch ; one taken at 13 feet below the ditch of the 
redoubt of the reSnteriilg place-of-armc, the other at about 
16.50 feet below the cut in the detni-lune. Tlie crest of the 
caponniere is held in this plane ; and in projection is drawn 
parallel to the magistral of the face-cover, ao aa to allow 
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spaco enough between it and tlie foot of the wall, which 
terminates the demi-lune face, for a banquette tread of 2 
yards, and its slope of \; all of which will require about 
4.80 yards. Tlie passage referred to is 4.30 yards wide. In 
order that it shall be covered by the crest of the capoiini^'re, 
the bottom of it must be at least 8 feet below the crest. 

The preceding constraction subserves two purposes. 1st. 
From the position of the glacis, it is swept by the fire of the 
bastion-face ; so that the dead space, whieh was noticed at 
this point of tlie demi-lune ditch in Oormontaingne's method, 
is here removed. 

3d, It covers the troops crossing the demi-lune ditch 
from the fire coming from the demi-lune salient p!ace-of- 
arms. 

As it is important to keep this passage open, even after 
the enemy obtains possession of the demi-lune, a traverse is 
placed at the extremity of the caponniere, so as to cover the 
postern which communicates with the ten-e-plein of the re- 
doubt of the reentering place-of-arms. A portion of tliis 
travei^e has to be sustamed by a wall, which is so arranged 
as to afford the least possible shelter to an enemy, who, from 
behind it, might attempt to carry the redoubt by the gorge. 

The face-cover is terraced, the embankment being 2,50 
yards thick at top, and sloped inwards towards the pas- 
sage. 

The details of this part of the constraction, being rather 
complicated, will be better understood by referring to PI. 
TV., Fig- 1, than by any written explanation. 

130. Mask in the Demi-lune Redoubt Ditch. (PI. IV., 
Fig. 1). To cover the curtain wall from a fire through the 
opening between the flank and the tenaille, coming from a 
balteiT established on the demi-lune terre-plein, an embank- 
ment 18 formed in the ditch of the demi-lune redoubt; the 
wall, which separates this ditch from tlnat of the enceinte, 
being built high enough to support the embankment. 

The embankment is sloped on top and terminates in a point 
near the demi-lune cut ; being terminated on the side towards 
the redoubt, by a slope, the foot of which is 4.30 yards 
from the foot of the redoubt scarp. The crest of the embank- 
ment is on the line" drawn through the shoulder angle of 
the redoubt and the angle of the tenaille. 

The bottom of the ditch, between the embankment 
and redoubt, is about 12 feet above that of the enoointe 
ditch, which secures tlie demi-lune from being turned 
through this ditch. 
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By separating the embankment from the demi-liine 
^edoui^^, this work is secured from any attempt to carry it 
from tlie embankment. For the sameveaeon, the gorge wall 
behind the cut ie raised 13 feet above the top of tlie embank- 
ment, A like expedient is resorted to in all similar eases; 
as in the gorge wall of the redonbt of the reentering place-of- 
arms, and tlie connterecarp of the demi-lune cnt, as shown 
in the details on PI. IT., I'ig.l. 

131. Covered-ways. (PI. V., Figs. 1,3.) Thebastioned 
covered-way is 11.0 yards wide; the interior crest beiog 
drawn parallel to the connterscarp. 

The crests of the reentering place-of-arms are drawn par- 
allel to the magistral of the redoubt, and 20 yards from it. 

The crest of the demi-lune covered-way is a broken crl- 
maillere, or crotchet line. The short branches of the cr6- 
mailicro are 6.60 yards long, and are perpendicular to iho 
direction of the demi-lune capital. 

132, Remarks on the Traverses and the Defiles. 
The objects of the short branches of the crotchets are to 
cover the defiles, or passages, between the ends of the tra- 
verses and the crest of the covered-way; and to give a column 
of fire in the direction of the demi-hme capital. To fulfil 
this last object, the short branches are provided with a ban- 
quette, with a slope of only \, to bring the crest of this 
branch as near as practicable to the traverse. A passage of 
2.0 yards is left between the foot of the banquette slope and 
the wall, which terminates the end of the traveree ; the di- 
rection of this wail is parallel both to the long and short 
branches of the crotchets ; leaving a passage between it and 
the long branch 2.0 yards wide. 

To find the position of the short branch, the base of the 
interior slope being 1.5 feet; the banquette tread 6feet; the 
base of the banquette slope 8.60 feet, and the width of the 
defile 6 feet: 17 feet, or 5.66 yai-ds, is the entire distjince 
sought between the crest of the short branch and the wall 
that terminates the traverse, parallel to this brunch. 

The portion of the long branch, oppasite the traverse, is 
without a banquette, kc, for the purpose of leaving the 
least distance between the crest of tlie crotchet and the tra- 
verse; so that the defile may be covered in the best manner. 
To effect this, a vertical wall is placed parallel to the end of 
the traverse, and at 2.0 yards fi'om it, tty leave space for tlie 
defile ; this wall sustains the earth, but is not built up higher 
than within 1.50 feet of the crest. The earth of the glacis 
has the natural slope of -J-, from the crest to the top of the 
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wall ; the base of this slope, consequently, will he 1.50 feet, 
and a bcrni of 0.50 feet being left on the top of the wall. 
These distances added together give 2.66 yards for the dis- 
tance between the crest of the long branch and the wall 
parallel to it, which terminates the traverse. 

133. Traverses on the Demi-lune Covered--way. 
There are four traverses on the demi-lune covered-way; 
which, to avoid repetitions, will be designated as No. 1, No. 
2, No. 3, and No. 4 ; No. 1 being nearest the reentering 
place- of- arms. 

To construct the crotchets of traverses Nos. 1 and 2, a 
line, 1 m, is drawn parallel to, and at 13.0 yards from the 
demi-lune counterscarp; parallel to this line, and at a dis- 
tance of 6.60 yards, measured on a perpendicular to the demi- 
lune capital, a second line, 1' m', is drawn. The salient and 
reentering angles of the crotchets, between Nois, 1 and 2, 
rest on these two' lines, 

To construct traverse No 1, a line, n n', is drawn, parallel 
to I'm', and at 2.66 yds. ; from the point of intei-section, n, 
of this line with the crest of the reentering phiee-of-anns, a 
line, n o, is drawn, so that its intei-section, o, with the demi- 
lune counterscarp, shall be perpendicular to a line drawn 
from o, to the ponit a, on the detni-kine. Hie line, n o, is 
the interior crest of No. 1. The exterior crest, n'o', is par- 
allel to it, and at 6.66 yards. 

From the point u' aa a centre, with a radius of 5.66 yds., 
an arc is described ; a tangent drawn to this arc, perpen- 
dicular to the demi-lune capital, gives the short branch of 
the crociiet. 

To construct traverse No. 2 : from the extremity of the 
short crociiet, just found, with a radius of 6.60 yds., an arc 
is described ; a tangent drawn from the point, a, to tJiis arc, 
will give, by its intersection, o, with tlie counterscarp, a 
point of the interior crest of No. 2 ; the interior crest is 
drawn from this point, perpendicniar to tlie tangent. The 
exterior crest, nV, is drawn at 433 yds. from n o. 

To obtain the crochets, from any assumed point, n', of 
this exterior ci-est, with radii of 2.66 and 5.66 yds., two arcs 
are described ; tangents are drawn to these arcs ; one fi'om 
the inner extremity of the short branch of No. 1, to the arc 
of 3.66 yds. ; the other to the are of 5.66 yds. and perpen- 
dicular to the demi-inne capital. If these two tangents in- 
tersect on the line I'm', then the point n' is one point of the 
end No. 2 ; and the line n n' is drawn parallel to the long 
branch. If the tangents do not intersect on I'm', then 
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some other point, ii', nmst be chosen, and a similar con- 
etructirm made, until the intersection is found on the line 
I'm', which will be the salient angle of tlie crotchets. 

To construct No 3 and its crotehets, a point is taken on 
the sliort branch of the crotchet last found, at 4.30 yds. 
from its salient angle ; from this point an arc is described, 
■with a radius of 4.50 yds. ; a tangent drawn to this are 
from the point, a, will give the point, o, on the connterecarp, 
where the interior crest of No. 3 is to be drawn, perpen- 
dicular to the tangent. The exterior crest of this traverse 
is at 4.33 yds. from the interior crest. 

The short branches of the crotchets of Ko. 3 and Ko, 4, 
have tho same direction as the others ; but they are limited 
by two lines, one drawn parallel to the counterscarp, and 
at 11.0 yds. from it, the other at 6.00 yds. from this, mea- 
sured on a perpendicnlarto the demi-lune capital. These two 
lines being drawn, the position of the salient and reenter- 
ing angles of the crotches that rest upon them, will be 
fonnd by a construction similar to the one just described. 

The reentering angle of the crotchet of No. 2 is cut off, 
by drawing a line through the centre of the arc and parallel 
to the tangent drawn to it from a. 

To construct No. 4, commence by finding the foot of ita 
csterior slope ; this is done by describing an arc irom the 
angular point, c', of the redoubt of the reentering place-of- 
arma, with a radius of 4.30 yds. ; a tangent drawn to this 
arc, through the demi-lune salient, being produced to the 
covered-way, gives the foot of the exterior slope. The inte- 
rior crest of No. 4 is parallel to this line ; its position is found, 
by allowing 4.66 it., or 1.55 yds., for the base of the exterior 
slope, and 20 it., or 6.66 yds., for the thickness of parapet. 
Having the exterior and interior crests, the point n' and the 
crotehets are found as in the preceding cases. 

The interior crest of the salient place-of arms is on the line 
I m produced; which is at 11.0 yds. from the counterscarp. 
A pan-coup6 of 4.30 yds. is made in the sahent. 

134. Traverse on the Bastion Covered-Tvay. (PI. V., 
Fig. 1.) To construct the traverse and its crotches, on the 
bastion covered-way, a line, tr, is drawn at 5-50 yds., parallel 
to the crest of the bastion covered-way; the extremity of the 
traverse, n n', is drawn parallel to t r, and 2.60 yds. from it. 
From the point n, on the crest of the reentering place-of-arms, 
the interior crest of the traverse is drawn perpendicular to 
the bastion counterscarp. The exterior crest is 20 ft., or 6.66 
yds., from the interior crest. 
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To find the other branch of the crotchet, nn' is taken equal 
to 5.0 yds. ; a line is drawn through r and n', and produced 
to s, on the crest of the bastioned covered-way ; an arc with a 
radius of 2.66 yds. is.now described from n', and the tangent 
8 1 drawa to this arc, is the branch required. 

135- . Command of the Covered-way and Traverses. 
{PL IV., Fig. 2.) To arrange the relief of tho eovered-way and 
traverses, the following method is pursued. The salient of 
the demi-lune covered-way is 7.50 ft. lower than the salient 
of the demi-luae ; the reference of this point then is (70.50.) 
The interior crests of the salient place-of-arms of traverse 
No. 4 and the long branch between Nos. 3 and 4 are held in 
the same plane; the scale of declivity of which is parallel to 
the demi-lune capital; its inelinatiou being determined bv 
placing the extremity of the long branch, just referred to, O.Yo 
feet lower than tho salient of the demi lune covered-way. 

The short branch of the crotchet of iNo, 3 lias the eauie 
reference a& the salient of the covered-way (70.50). This 
line, the interior crest of No. 3 and the long branch, are 
held in the same plane, whose scale of declivity h parallel 
to the demi-lune capita!, and whose inclination is sueh that, 
being produced, it will pass 3 feet above the salient of the 
covered-ivay. 

The relief of No. 2 and its crotcliets is detennined in tlie 
same manner as in the preceding ease ; the reference of 
the short brancli being fixed at (70.20). 

The salients of the oastion covered-way and the retSnter- 
ing plaee-of-arms command tlie salient of the demi-lune 
covered-way by 1.50 feet. Their reference therefore is 
(72.0). 

136. Remarks on the Covered-ways and Traverses. 
The demi-lune covered- way is made wider towards the reen- 
tering, to cover the traverse defiles with more ease. The 
width, 11.0 yards, of the portion near tiio salient, makes the 
covered-way so narrow, that should an enemy find it neces- 
sary to lower his breach battery into it to effect a practica- 
ble breach; he wii! bo obliged to cnt away a part of the 
glacis, to obtain sufficient room for his works. 

The counterscarp of the redoubt of the reentering place-of- 
arins is a slope of earth, so as to make the reenteriuj^ place- 
of-aiTiis more spacious, by joining the ditch to its terre- 
plein. 

The interior crests of the reentering place-of-arms and its 
two traverses are held in the same plane; whose scale of 
declivity is parallel to the bastion capital. This plane pro- 
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duced paaeea 3 feet atove llie salients of tlie salient plaees 
of the two collateral demilunes, from wliich ibis place-of- 
ariHs is tints deHled. 

The crests of the bastion covered-wny are in \he same 
plane ; whose seale of dcelivlty ia parallel to ilie bastion 
capital, Tliis plane, prolonged also, passes 3 feet above tlie 
same points as the last mentioned, and for the same object, 

The traverses serve as masks to cover the terre-pteln of 
the covered-way from rifot-het shots ; for this purpose Ncs, 
2 and 3 may be only 4.33 yards, or 13 feet thick. Bnt the 
other traverees, which close the reentering and salient places- 
of-arms, being more impoi'tant, have a thickness of 6.66 
yards. As the general height of the traverses ie 2 C6 yards, 
it is readily seen that, supposing tlie extreme lin>it of ricochet 
firing to be an angle of ^Vi the travei-ses shonJd not be more 
than 26.6 yards apart, in order that a stiot striking llie crest 
of one may imbed itself in tliat immediately in rear ofit, 

Tlie traverses also serve as a defence ; and for this pnr- 
pose are made like an ordinary parapet. To enaole the 
besieged to defend the covered-way, tliey are palisaded, and 
barriers are pliiced at the defiles. As the means of pro- 
tracting the det'enee are only effL'Clive when the defiles are 
perfectTv secured from the fire of the enemy, estalilislied 
along the crest of the salient place- of-arms, the reason for 
the particular construction given fur each traverse will now 
be apparent. 

The interior crests of Nos. 1, 2, and 3 are so arranged 
that they can concentrate their fire on the salient phice-ot- 
arms; and each traverse is so combined with the demi- 
lune as effectnally to mask the defile of the one in rear of it. 

The defile of No. 1 is masked liy No. 2 ; and a passage 
of about 2.0 yards at the foot of the banquette slope No, 1 
is covered ; so tliat the troops can pass through ilus defile 
in perfect safety. 

The defile No. 2 is less easily covered by No. 3. To 
effect it, the inner angle of the crotchet has to be cut off 
and the banquette slope suppressed, substituting in its jjlace 
steps ; by these means a passage of l.U yard is covered, and 
No. 3 placed not too far fi-om No. 2. 

As it is not practicable to cover the defile of No. 3, the 
position of No. 4 is determined, so as to make the salient 
place-of-arms as spacious as possible. This is done by 
placing No. 4 in a position to allow its exterior slope to be 
sweptoy the fire of the bastion-face, penetrating lielween 
the salient of the denji-lune and the angle of the redoubt of 
the reJ^utering place-of-arms. 
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The defile of the traverse on the bastion covered-way is 
arranged to prevent any line of fire penetrating through it 
into the vcentering place-fif-arms. 

The precautions which are here taken would he still 
insufficient conld the enemy, iu possession of the crest of 
the salient place-of-arms, have a plunging fire npon the 
covered-way behind the traverses. It is to prevent this that 
the interior crests of the different traverses, and tiieir re- 
spective crotchets, are held in the same plane ; which is so 
arranged that the terre-plein shall be defiled from the 
enemy's lodgment on the crest of tlie salient place-of-arms. 
Tliis arrangement necessarily places the terre-pleins between 
tlie traveiBes on different levels ; small ramps will therefore 
be necessary to pass from one level to another. They are 
placed at the deiiles. 

The salient place-of-arms is inclined for the purpose of 
partially defiling it from the trench cavalier. 

Finally, the traverses are sustained on the side of the conn- 
tersearp by a profile wall, which is the pi-olongation of the 
counterecarp wall ; and ihey are terminated at the other 
extremity by a wall, so as to make the defile convenient as 
a commnnication. 

137. General Remarks. In the combination and arrange- 
ment of the ontworks, Noizet has followed closely the 
methods of Cormontaingne, and of the school of Mezieres. 

The principal objections to these combinations are ; — 

1. That from the command given to these works, a con- 
siderable portion of the fire of the enceinle, on the site 
exterior to these works, is obstructed by them. And that 
Borae of these works, like the r^dnit of the demi-lnne, and 
the parapet behind the cot in the demi-lune face, mask the 
interior of the demi-lune from a portion of this fire, 

2. That from the revetted gorges of these works, and the 
kind of communication between tnem and the enceinte ditch, 
sorties on the assailants' works in them, can only be made 
in small and feeble parties. 

3. That the traverses of the covered ways obstrnct the 
free movement of troops along them, and also obstruct the 
Are of the enceinte on their terre-pleins. 

138. Tor these defects various changes have been sug- 
gested, and some of them have been adopted in some of the 
more recent European fortifications. 

These consist : — 

1. In giving a greater command to the enceinte than that 
nsnally fonnd in the methods described. 
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2. In BTippressiiig the rednit of the demi-lnne, as usually 
constroetea, and replacing it by a casemated r^duit placed 
at the gorge of the demi-lune. 

3. In euppressing the traverses of the covered ways except 
those enclosing tlie reentering plnce-ot'-anns ; depending on 
the short branches of the cr^mailJeres into which the interior 
crest of the covered way is broken to limit the effects of 
enfilade fire. 

4. To replace the narrow staire need by Taiiban for cnra- 
nmnicating with the terre-pleins of tlie outworks, by wide 
ramps to facilitate sorties in large bodies, 

5. To flank both the covered way and the demi-lone ditch 
by a casemated rednit placed within the reentering place- 
of-artns. 

139, In every combination the engineer mnst be guided 
by the exigencies of the sites that he is called npon to fortify, 
the character of the defence that it is proposed that the 
work shall make, and the relative pecuniary cost of difierent 
combinations. In taking ttiis last consideration, however, 
into account, he shonld not forget that the pecuniary ontlay 
for a work tliat will protract the defence only a few days 
longer may often bear no comparison to the benetits arising 
from it. Had the Malakoff tower at Sebastopol been a 
stronger work it might have frustrated tiie last hloody 
assaiiH of the allies and saved that stronghold of Russia. 

140. Counterscarp of the Bastion and Demi-lune. 
Having determined the relief of the covered-way crests, which 
it may be observed is such that they mask all the masonry 
of the scarps, and at the same time are so low that an enemy 
cannot, by the ordinary methods in use, obtain a plunging 
fire from them upon the terre-pleins of the works in their 
rear, the position of the counterscarp crests can now be 
fixed. 

Tiie lop of the counterscarp wall should be at least 8 feet 
below tiie planes of the interior crest of the covered way, and 
the height of the wall for the body of the place should not 
exceed 24 feet; and for the demi-lune it may be reduced to 
18 feet. These dimensions will therefore be assumed, as the 
greatest that can be allowed, with a proper regard to economy. 
And a continuous wall of these heights may be regarded as a 
powerful auxiliary obstacle, in securing ine works from all 
attempts at surprise. 

Adopting the limit of 24 feet for the counterscarp of the 
bastion, it will be seen that the bottom of the diteb at the foot 
of this wall is higher than at the foot of the scarp wall of the 
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bastion-face ; and as tbe bottom of the ditch, at the extremity 
of the double caponniere, haa already been determined, these 
different levels must be connected by planes, combined in the 
most simple manner. 

141. Gunettes and Bottoms of the Ditches. (Fls. IV, 
and V.) A cunette 4,0 yards wide at top, and 3 feet deep, is 
made in the main dituh to serve as a drain. 

A culvert, or small arch of masonry, is made under the 
double caponniere, connecting the cunette on the opposite 
sides of it. The cunette is placed parallel to the bastion-face ; 
the bottom of the ditch having a slope of 1.50 feet from the 
foot of the scarp wall to the edge of the cunette, and a slope 
from the opposite edge np to the foot of the counterscarp wall. 

These details will be best understood by referring to (Pis. 
TV. and V., Fig. 1.) The slopes heregivenserve tokeep the 
bottom of the ditch dry; they assist in rendering the breach, 
made in the bastion-face, rather steeper than if the bottom 
were horizontal ; and in- the paissage of the ditch, the enemy's 
work is thus more exposed than if tiie bottom were not sloped 
from the foot of the counterscarp wall to the cunette. 

The demi-lune ditch is arranged upon similar principles, 
A cunette and culvert are placed in it, to convey the rain- 
water fi'om it into the main ditch, 

142. Planes of the Glacis. One principle is chiefly to be 
attended to in disposing the different planes of the glacis. 
They should all be swept by the artillery fire of the works 
immediately in their rear, and by the musketry fire at least 
of tbe bastion-face. 

The glacis of the bastion covered-way should be swept by 
the artillery of tbe bastion-face. 

Tbc glacis of the reentering place-of-arms should be swept 
by tbe lire from its ri^duit. 

The glacis of the demi-lune offers more difficulty in its 
arrangement, owing to the cremaillere form of the interior 
crests. The best method seems the following : 

Planes are passed through each long branch, so as to be 
swept by tbe artillery fire of a portion of the face of the 
demi-lune; these arc connected by another series of planes, 
which are passed through the salient point of each crotchet, 
and below tbe plane of musketry fire of at least one-ha!f 
of the bastion-face, and that of artillery fire of a part of the 
demi-lune face. 

It will be readily seen, from the nature of this problem, 
that it admits of many solutions. In selecting amongst them, 
tbe following considei'ations may serve as guides : 
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1. "When the planes of the glacis have a very gentle slope, 
they are better seen by the works in their rear ; but the con- 
struction is more expensive, on account of the greater quan- 
tity of embankment. 

2. When the elope is more steep, the enemy's works on 
the glacis are belter exposed to the reverse views of the col- 
lateral works, although not so well seen by those directly in 
rear of the glacis; but the quantity of embankment ia 
smaller. 

143. Outlets, or Sortie Passages. To communicate 
from the covered-way with the glacis, an outlet or sortie pas- 
sage is cut in the least exposed face of the reentering place- 
of-arms ; and one also on the long branch, between the 8d 
and 4th traverses. 

They are from 330 to 4.0 yards wide. The cut is about 
six feet in depth, the earth being sustained on each side by a 
profile wall. The bottom of it is a nmip leading from the 
terre-plein of the covered-way to the top of the glacis. As 
the outlet is closed by a barrier, it should be arranged at the 
bottom, to allow the barrier free play in opening and shut- 
ting. 

144. Communication of the Enceinte -with the Ditch, 
Tiie postern of the enceinte leads through the middle of the 
curtain, descending from tlio plane of site to the ditch. The 
inclination of the bottom should never exceed ^. The bot- 
tom slxiiild not come out upon a level with the bottom of 
the ditch, but about G feet above it ; a wooden ramp being 
need fo descend from the postern to the bottoiu of the ditch, 

Tiie widtli.of this postern should be 12feet; both on ac- 
count of the greater circulation through it, and because it 
may be need as a bomb-proof shelter for the troops on duty. 

The entrance to this postern, both towards the ditch and 
the interior, is by door-ways ; one through the ecarp wall, 
which closes the postern towards the-ditch, and one tlirotigh 
a vertical wall ot masonry, at the extremity of the enceinte 
Jerre-plein, which closes the mouth of the postern towards 
the inteiior. The earth of the rampart slope is cut away, to 
leave the passage to the posteni free. Tlie sides of the cat 
are sustained by wing walls, which make a small angle with 
the vertical wall of the postern mouth. The door-way may 
be 7.0 feet wide and 7.50 feet high ; the postern itself being 
10 feet under the key. 

For more security, a partition wall, with a door-way, is 
Bometimes made across the postern, about the middle point. 
The leaves of the folding-doore here have loop-holes to tiro 
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upon an enemy, slionld he by a surprise gain possession of 
the exterior door-way. 

145. Communication ■with the Tenaille, A postern, 
for tliepafisage of artillery, ie made under the tenaiile, and- 
leads to the double eaponniere. Two stairs are placed at 
the gorge of the tenaille, to communicate with its tcrre- 
pieiii. 

146. CommuniDation writh the Terre-plein and Ditch 
of the Demi-lune Rfeduit. Two stairs ai'e placed at the 
gorge of the demi-lune reduit, to communicate with its 
ten-e-plein. A postern for artillery leads from the main 
ditch to tlie ditch of the reduit, under its flank, for the 
communication between the main ditch and the demi-Iime. 

147. Communioation &om the Enceinte Ditch with 
the Exterior. To commnnicate with the covered-ways, a 
ramp of earth sustained by walla ie placed along the wall 
that terminates the demi-lune and its reduit. This ramp is 
separated from the extremity of the face-cover by ji cut 4.30 
yards wide. 

148. Conmimilcation -with the Demilune Cut, The 
communication with the work beliind tlie demi-lune cut is 
by a postern and stair for infantry, which lead from a point 
on the ramp just described to the terre-plein of tlie work ; 
passing in a winding direction, under the terre-plein and 
parapet of the work. 

149. Communications of the Reduit of the HeSn- 
tering Plaoe-of-arms, etc. The passage behind the single 
caponnifere, in the demi lune ditch, baa ah-eady been de- 
scribed. This passage leads to a postern for artillery, made 
through the face of llie reduit. to its ditch. From the ditch 
a ramp for artillery leads to the terre-plein of the reenter- 
ing place-ot-arms, and from it to the sortie passage. At 
the angle of the reduit on the denii-lnne ditch, staira are 

filaced to ascend to its ditch ; a ramp for infantry leads 
rom the ditch on this side to the terre-plein. 

To ascend to tlie terre-plein of the reduit, a small postern 
for infantry is made through the face to the ditch, being 
placed alongside the postern just described ; from this a 
winding postern and stairs lead to the terre-plein of the 
r^diiir. 

The foregoing, with what has been said respecting the 
capoimiores, traveree detiles, etc., completes the description 
of the communications of the front. 

150. Interior Retrenchments. When a breach is made 
in the enceinte, although military usage and a point of 
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honor require of tlie garrison to sustain at least one assault, 
the consequences of defeat are of too serions a character to 
expect such an effort, unless a place of safety is provided, 
into which the garrison may retreat, after defending the 
breacli, and obtain an honorable capitulation. On this 
account, and also to lengthen the defence, interior retrench- 
ments are made in the bastions. 

These works may be either of a temporaiy or permanent 
character ; but it is generally conceded that the latter class 
alone offers a serious obstacle to the enemy. The former, 
moreover, requires that the bastion should be full ; and 
that the retrenchment should be thrown up during the 
siege, an undertaking of great difficulty, both from the an- 
noyance of the enemy's fire, and the fatigued state of the 
garrison, occasioned by its ordinary duties. 

Therefore, only the permanent interior retrenchments 
■with a revetted scarp and conntersearp will be here given ; 
and which may be regarded as constituent elements of a 
regularly fortified front. 

Noizet, like Cormontaingne, proposes four classes of in- 
terior retrenchments. 

1st. Those that rest against the faces of the bastions. 

2d. Those that rest against the flanks. 

3d. Those that rest against the two adjacent curtains, 

4th. Those that comprehend several bastions, 

151. First class resting on the Faces. (PI. VI., Figg. 
1, 2, and a, b, Fig. 3.) The first class may be either the 
form of a eavaiier, shut in by cuts across the bastion-faces; 
an inverted redan; or finally, if the bastion is very open, a 
small bastion front. 

Of this class, the cavalier has been generally employed. 
The cavalier receiving a relief so great as to give it a plung- 
ing fire upon the enemy's works on the glacis of the baa- 
tioncd covered-way ; whilst the interior of the bastion, in 
advance of the eavaiier ditch and of the cuts or ditches 
across the bastion terre-plein, between the scarps of the bas- 
tion and cavalier, is swept, and the breach that might be 
made in the bastion salient is defended fram the parapets 
behind the cuts; these parapets, with the portions of the 
cavalier faces in advance of them, forming the interior re- 
trenchment. 

This class presents the advantages of defending the breach 
within a short distance; and by enclosing the flanks of the 
bastion within thera, they preserve the flanking arrange- 
ments of the body of the place until the retrenchment is 
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carried. The principal objection to them is, that by a breach 
made at the shoulder angle, the enemy can turn them. 

152. Second class resting against the Flanks. (PJ, 
VI,, Figs. 4 and C.) The second class may be of an inverted 
redan, or a small bastion front; or finally, of a redan resting 
against the middle of the flanks, its faces having such a di- 
rection that its ditch may be swept by the fire of the flanks 
of the adjacent bastions. 

The last form admits of defending the breach witbia a 
short distance; it preserves also the flanking arrangements of 
the enceinte, and can only.be turned by a breach made in 
the curtain. To sweep its ditch from the opposite flank, it 
will be necessary to cut down a part of the scarp wall of the 
flank on which the ditch rests, which will make the height 
of the wall less than 11.0 yards, and somewhat expose the 
enceinte to escalade. 

153. Third olass resting on tvro adjacent Curtains. 
(PI. VI., Fig. i, D.) The third class is usually of the form 
of a bastioned front. But as the fire of its feces would be 
masked by the curtain of the enceinte, it is generally best to 
construct the front simply with a curtain and two flanks. 

This class, being thrown i'arther from the salient of the 
bastion, does not defend the breach so directly as the two 
preceding; but ifa position is stronger, and will force an 
enemy to employ more means to carry it. From its dimen- 
sions, it will req^uiro more space on the interior, and will be 
also more expensive than either of the preceding forms. 

154. Fourth ola89 enclosing several Fronts. The 
fourth class, which is placed in the rear of several bastions 
of the conceinte, or properly several fronts, is a kind of sec- 
ond enciente within the first. An arrangement of this char- 
acter would of course require a peculiar locality, and would 
seldom find an application. 

155. Cavalier Tvith cuts in the Bastion Faces. (F!, 
VL, Figs. 1, 2.) The faces of this work are parallel to tJiose 
of the bastion in which it is placed ; its ditch should be 
about 18 feet below the bastion terre-plein; its scarp wall 
about 24 feet high. And itmaybehereobeerved that all in- 
terior retrenchments, to oppose a serious obstacle to an ene- 
my, should have revetments of about these dimensions. 

The interior crest of the face should be so high that the 
line of fire from the salient of the cavalier to the salient 
of the bastion covered-way shall pass above the bastion 
eabent. 

By placing the counterscarp of the cavalier at 14.0 yards 
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from the interior cveet of the bastion, allowing 11.0 yarda 
for the width of t!ie ditch, and making the bottom of the 
ditch 18 feet below the bastion tcrre-plein ; it will be 
fonnd tliat tlie reference of the bottom of the ditcli will be 
(58^0); the scarp wall being 24 feet high, the reference of 
its raagisti-al will be (82.50). Now, if the reference of the 
interior crest be taken at (y7.50), or 15 feet above the mag- 
istral, its projection will be at 33.16 feet, or 11.06 yarda from 
tiie magistral ; and as both the lines are horizontal, parallel 
to it. Di'awiiig then three lines pai'allel to the bastion inte- 
rior crest, at the distances above mentioned, the projeclions 
of the counterscarp, scarp, and interior crest of the cavalier 
are obtained. The position here given to the interior crest 
of the face will satisfy the condition tirst laid down. 

The interior crest ot tlie flank is also horizontal ; its re- 
ference, therefore, is (97.50); the direction of the flank is 
perpendicular to the line of defence of the bastion ; the 
flank, moreover, is not I'evetted like the face, but is termi- 
nated by prolonging its exterior slope to the bastion terre- 
plein ; the lowest point of the foot of Ihis exterior sL'pe will 
therefore be about (73.00), the reference of the bastion terre- 

Elein at the extremity of its flank; the least width of the 
astion terre-pleiri, between its flank and that of the cava- 
lier, should be 14.0 yards. If, then, from the interior an^le 
of the curtain, with a radius of 14.0 yards, an are be dfserib- 
ed, and a tangent be drawn to this arc, perpendicular to the 
line of defence, this tangent may be taken as the horizontal 
of the exterior slope of Hie cavalier flunk, whose reference 
is (73.0) ; the interior crest of the flank is drawn parallel to 
this horizontal, aTid at 41.16 feet or 13-72 yard.s from it; 
which will be the distance found by calculation, the thick- 
ness of the parapet being 20 feet, tlie superior sh'pe |, and 
the exterior slope ■\. 

The length of tiie flank is found by drawing ilirough 
the angle of the curtain a liue parallel to the line of defence, 
and whf^re it cuts the interior crest of the flank will be the 
extremity of the flank. 

To terminate the gorge of the cavalier, a plane of | is 
passed through the extreme points of the interior crest of 
ita flanks, A passage of 4.30 yards is left on the bastion 
terre-])lein, at the gi'rge of the cavalier, to comninriicate 
with it, and also to prt-serve an uniiiterrnpted commnnica- 
tion between the two adjacent cin-taiiis, A ramp 3.30 yarda 
wide, with a slope of i, leads from the gorge of the cavalier 
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to its terre-plein. This ramp is generally placed along tlio 
capital of tlie bastion. 

156. Cuts in the Bastion Paoes. (PI. Vl, Figs. 1, 2.) 
To determine the cut across the bastion-t'aco, a distance of 
13.0 yards ie a set-ofF from the bhoulder angle of the bastion, 
along its inferior crest ; from this point a. line is drawn, making 
an angle of 100° with the interior crest; this line being 
produced to intersect the magistral of the cavalier face, is 
the interior crest of the parapet behind the cut. The refer- 
ence of this line where it intersects the magistral is (82.50), 
the reference of the other extremity being (8i,0) : it is held 
in the same plane with the portion of the interior crest of 
the bastion, between the shoulder aitgleand the point at 13.0 
yards from it; the reference of the shoulder angle remain- 
ing as already found ; it will be seen that the plane of 
these two lines produced, passes 3 feet above the bastiou 
salient. The thickness of a parapet is only 12 feet. 

The magistral of the scarp of the cut is horizontal, its re- 
ference being (76.50). From tlie preceding data, its posi- 
tion ie easily determined. A line drawn parallel to the magis- 
tral, and at 6.60 yards from it, will be the counterscarp of 
the cut. The counterscarp wall of the cut is carried up to 
the top of the bastion face, and forms a profile wall to sustaia 
the earth. The scarp wall of the cut is of the same heigbt as 
that of the cavalier ; the bottom of the cut will therefore be 
referenced (52,50); a portion of the ditch of the cavalier 
face has the same refei-euee ; this portion is found by hold- 
ing at the level (58.50\ that part of the bottom of tlie ditch 
towards the' salient wliich can be swept by the fire of the 
parapet behind the cut ; placing the bottom of the remain- 
ing portion, towai-ds the cut, on tlie same level as the bastion 
of the cut, or at the reference (53.50) ; tlie two levels being 
separated by a vertical wall 6 feet high which retains the 
earth of the upper level. 

158. Tills arrangement of the ditch of the cavalier sub- 
jects only a part of it to the fire of the parapet behind the 
cut. By placing the door of the postern that leads into the 
cavalier ditch, at the point where the vertical wall separates 
the two levels, it will be partially covered from the enemy's 
lodgment on the bastion terre-piein. 

159. The object of the cut is similar to the one in tlie 
demi-lune face ; it confines the enemy to the salient part of 
the bastiou, preventing him from extending his works along 
the bastion teri-e-plein, to turn the cavalier by its gorge ; ao 

7 
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that to obtain possession of tliis work, he must make a breach 
in its face. 

160. There is a dead space in the cavaiier jditch, through- 
oat the lower level, wliicn inight offer some advantages were 
the enemy to attempt to carry tlio parapet of the cut by 
escalade. To remedy this defect, it has been proposed to 
place a crenated gallery behind the scarp wall of the cut, 
to flank the entire ditch. 

161. The disposition of the cavalier and cuts within the 
bastion does not leave snfBcient space upon the ten-e-plein 
of the latter to organize a covered-way. But in the re- 
trenchments of open bastions, restine on the flanks or cur- 
tains, to which the form ofatenaille or small bastiofied 
front is given, a covered-way, with a reentering p!ace-of- 
arms closed by traverses, can be organized, which will give 
considerable additional confideuce and security in the de- 
fence of the breach in the bastion with the bayonet ; as this 
covered-way will cover the retreat of the troops guarding 
the breach into the ditch of the retrenchment; whereas, 
when the eountereearp is not secured in this manner, the 
retreating body run the risk either of being cut off or of 
having the enemy follow so closely on their heels as to 
force their way into tlio retrenchment, and deprive the de- 
fence of this last resort for making favorable terms of sur- 
render. 

The organization of these covered-ways presents no pecu- 
liarity. They shonld, as far as practicable, be defiled from 
the besieser's lodgments within the bastion assailed. 



CHOUMAKAS METHOD. 

162. Choumara, a I'rench officer of engineers of distin- 
guished abilities, is the author of several remarkable memoirs 
on the defects of the bastion system, and the means by which 
they may be removed and very additional strength be there- 
by given to the defences. His propositions for this purpose 
may be briefly stated aa follows : 

1. That part of a permanent work which can undergo no 
modification during the progress of a siege is the masonry, 
and it may therefore be regarded as the really permanent fea- 
ture ; all the parts of earth, aa the parapets, &c., being sus- 
ceptible of such modifications as circumstances may demand. 
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This Choumara terms the independence of the parapets as 
respects iJie scarps. 

The latter, upon which the security of the work against an 
open assault or a surprise depends, must necessarily receive 
a direction, such that it can be swept by the flanking arrange- 
ments, a necessity that does not exist for the parapets, which 
may receive any direction compatible with the interior space. 

The parapets may therefore be thrown back from the 
salients, as in the bastion (PI. XIX., Fig. 1), and receive a 
curvilinear form to throw a greater volume of fire in the 
direction of the capital. 

Or they can be retired from the faces, as in the bastion 
(Fig. a), for the purpose of giving them such directions that 
their prolongations shall cut the adjacent demi-lunes, and 
thua be masked from enfilading views. 

Or they may be prolonged so as to afford a greater column 
of flank fire, aa in the flanks 1, (Fig, 1,) or they may be 
broken into any direction for the same purpose, or to give a 
more effective direction to their fire. 

Or, finally, they may be thrown back from the scarp walla 
instead of resting immediately upon them, and thus render a 
breach less practicable, since the whole, or a portion of the 
parapet, will still retain its place after the breach has been 
made in the scarp, depending on the distance at which the 
parapet has been moved back. 

In all of these cases of the application of the independence 
of the parapete, Choumara proposes to convert the space left 
between the foot of the parapet and the scarp wall into a 
chemin de ronde, or corridor, which is covered in front by a 
slight parapet, and from enfilading fire by giving an increased 
height to the portion of the parapet adjacent to the salients, 
forming a honnet, aa in Figs. 1, A, B, &c. This corridor ia 
occupied by sharpshooters to annoy the besieger's trenches. 
Furtaermore, Choumara regards the corridor as an additional 
security against surprise and escalade. 

2. Choumara proposes to place high traverses in the bas- 
tion salients, to cover the faces from enfilade and the flanks 
from reverse views, and similar traverses at the shoulder 
angles with the same object. These he also proposes to 
casemate, or else construct with blindages for artillery to 
obtain a fire in the directions of the capitals, and reverse 
views on the demi-lune glacis and the breach in the bastion 
face. As these traverses, from their height, might give the 
besiegers in possession of them a plunging fire on the bastion 
retrenchments, he proposes so to arrange them that they can 
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be readily destroyed at any moment by mines, or, if of tim- 
ber, be burned. 

3. To mask the masonry of the enceinte and demi-lune 
from breaching batteries, erected in their usual positions 
along the crests of the glacis, Ghoumara propoaea to form 
what he terms an interior glacis, or covering mass of earth, in 
the ditches, the crests of which shall mask the masonry of 
the scarps from the positions in question ; und the upper sur- 
face of whioh, forming a glacis, shall be swept by the fire 
of the works in its rear. In this manner he expects to force 
the besiegers to the difficult operation of making lodgments 
in this glacis to obtain suitable positions for their breaching 
batteries. 

4. By selecting for some of his outworks those points on 
the exterior which are most favorable to the action of the 
assailant's sharpshooters, he proposes in this way to cripple 
this important means of attacK. 

5. By giving greater extent to the exterior side, and a 
more retired position to the curtain, which is also to be made 
as short as possible, Choumara obtains bastions of ample 
size, not only to admit of the modifications he proposes for 
the parapets, traverses, and chemins de ronde, but for strong 
interior retrenchments, bi> organiaed with bomb-proof shel- 
ters, and arranged defensively towards the interior, that each 
bastion will admit of a defence to the rear at its gorge, after 
the besiegers may have effected a breach at other points and 
penetrated within the enceinte. 

163. Plan. In adapting these propositions for a bastioned 
front, Choumara proposes, in order to obtain the requisite 
room in the interior of the bastions and a large increase of 
flank fire, to take the exterior side iVom 400 to 600 metres, 
French. In the front (Fig. 1, PI. XIX), for example, the 
exterior side is 440 metres; the lines of defence are drawn 
'through a point on the perpendicular of the front at 74 me- 
tres, or one-sixth of 440 metres within the exterior side ; the 
faces are 150 metres, and the flanks, drawn perpendicular to 
the lines of defence, are 85 metres, a length which prolongs 
them 35 metres within their intersections with the lines of 
defence. 

By this construction the curtain, which will be 115 metres 
long, will be well swept, and the gun at the curtain angle 
can be brought to bear on the one of the besieger's counter- 
battery against the flanks which are furthest out, thus giving 
a very great preponderance in fire to the flank over the coue- 
ter battery. 
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The deep reentering thus formed between the flanks and 
curtains gives ample room for a tenaille with flanks for four 
guns ; these guns are covered in flank by a traverse. The 
tenaille is not revetted in front of its curtain and flanks, or 
at its gorge. It masks sufficiently the scarp of the flanks, 
and curtain of the enceinte, to prevent any danger to the 
latter from the destruction of the portioa of the scarp wall 
that can be seen over the tenaille. 

164. The salient of the demt-!une is the vertex of an 
equilateral triangle, the base of which is drawn between two 
points on the bastion faces, at 1 8 metres from the shoulder 
angles. The feces of the demi-lune, d, are 144 metres, and 
revetted. The parapet of the demi-lune is thrown back from 
the revetment, leaving a corridor covered by a parapet at 
the foot of its exterior slope. The parapet is broken near 
the gorge, so as to give two short flanks of 13 metres per- 
pendicular to the exterior side. The salient is occopied by 
acasemated traverse with flanks for three guns. This tra- 
verse masks the interior of the demi-lune and the corridor 
from enfilading views. A disposition is shown for cuts across 
the demi-lune faces, the parapete of which are to be thrown 
up after the siege commences. The demi-lune ditch is 17 
metres wide. The portion of this ditch towards the gorge 
elopes upward as a glacis, and is swept by the fire of the 
enceinte. 

165. The interior glacis of the demi-lune commences at the 
counterscarp of this work and has a glacis slope outwards, jta 
width being 45 metres. Ilere commences the revetted gorge 
of the covered-way. The width of the covered-way is 10 
metres. Its interior crest is an indented line. There are no 
traverses in this work unless required for its defilement. 

166. A spacious and strong reduit is placed in the demi- 
lune salient place-of-arms. its feces are 132 metres long, 
and revetted. Its parapet is thrown back, leaving a corridor 
in front of it, and is curved at the salient for five guns, 
sweeping along the eapitaj- A bonnet is placed in its salient 
to cover the corridor from enfilade, and two traverses for the 
eame object on its terre-plein. This reduit forms a mask 
for the portion of the demilune occupied by the traverse. 

167. Choumara places strong reduits, M, with revetted 
ficarps and gorges in the reentenng place-of-arms. The para- 
pets of these' works are curved at the salients for batteries to 
eweep the approaches on the bastion capitals and the demi- 
lune glacis, and they are thrown back from the scarp walla 
to give a corridor Ibr sharpshooters. As these ri^duits are 
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necessarily contracted, Choumara prefers to them a strong 
reduit of larger dimensions, placed in the bastion salient 
place-of-arms and organized like the preceding, 

168. One of the most striking features of Choumara's 
modifications is the mode in which lie proposes to organize 
the large bastions, with defences which shall serve as an in- 
terior retrenchment, in case the bastion is one of the points 
of attack; or convert the bastion into an isolated fort or 
citadel for the garrison, in case the besieger gains possession 
of the interior of the enceinte through an assault at some 
other point. This he proposes to accomplish by increasing 
the lengths of the exterior side, and also of the bastion 
flanks. 

169. With this object Choumara places a row of case- 
mates within the bastions, on a line perpendicular to their 
capitals. Each casemate is from 60 to 80 feet long, from 12 
to 20 feet wide, and 12 feet high. This row of casemates 
serves as a curtain both for the retrenchment of the bastion 
and for the defence of the gorge against an interior attack. 
For the defence of the salient portion of the bastion a cut is 
made across each face and extended to the capital. The 
scarp of this cut is made into the form of a bastion front 
with orillons at the shoulder angles ; the casemates forming 
the curtain of this front. The counterscjirp of the cut may 
be either revetted, or have a simple" slope of earth. In the 
latter case the bottom of the ditch of tlie front at the foot of 
the scarp wall is at a suitable level to admit of an efficient 
height of scarp wail to secure it from escalade. A broad 
ramp leads from the centre casemate, along the capital, to- 
wards the bastion salient, to the counterscarp of the cwt^ and 
there branches into two other ramps leading up to the bas- 
tion terre-plein on the right and left. Until the besiegers 
are about to breach the l^iion-faces their parapets are left 
intact; and the portions of the cut along which the parapets 
run are filled up, as in the bastion on the right, thus leaving 
a free communication throughout the interior of the bastion. 
So soon as it is thought necessary to cut off this communica- 
tion and to get the retrenched portion in a state of defence, 
that part of the parapet across the cuts is demolished; the 
cut excavated and suitably arranged ; and the parapet of the 
retrenchment formed in part of the earth arising from these 
changes. The parapet of the front of the retrenchment is 
thrown back, leaving a corridor for sharpshooters covered 
by a slight parapet ; that portion of this corridor along the 
retired flank being covered by the earthen mask of the oril- 
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Ion. Choumara further proposes, where there is a probability 
of the scarp of the bastion-fiicf, which closes the cut on the 
exterior, being opened, so that a breach might be made by 
firing through it on the flank of the retrenchment, to run 
the scarp wall of the retrenchment at right angles across the 
cut, as shown on the right iace of the left bastion, and to 
arrange the baationnet, which this modification would give 
at the shoulder- angle, for sharpshooters. 

170. To expose the interior of the retrenchment to the fire 
of the flanks of the adjacent bastions, and to the parapet of a 
second retired interior retrenchment resting on the two cur- 
tains adjacent to the bastion of attack, a portion of the para- 
pet of the bastion flanks, near the curtain, is demolished, and 
a slope is given to the portion of the terre-plein on which it 
rested. The retired interior retrenchment Clioumara proposes 
to make of earth in the form of a bastioned front, breaking 
the faces in the most suitable manner to sweep the rear of the 
retrenchment in its front. 

171. Tlie dispositions for converting the bastion into a cita- 
del are similar to the preceding, consisting of a small front, 
the faces of which are nearly in the prolongations of the ad- 
jacent curtains, with orillons to cover the corridor of the re- 
tired flank. This front has a covered-way and glacis in ad- 
vance of it, the crest of which masks the scarp, 

n2. Choumara has made an ample provision for easy 
eommunicationa between all points of the enceinte and the out- 
works, so placing them as to be well covei-cd from the be- 
sieger's fire and well sweptby thatof the garrison; preferring 
wide ramps for this purpose. Tlie communication from the 
enceinte with the main ditch is through gateways in the scarp 
wall of the curtain, at its extremities. Tbe rampart at these 
points is removed to the level of the main ditch : the portion 
of it between them, along the centre of tbe curtain, being sus- 
tained at the ends by revetment walls run back perpendicu- 
larly to the scarp wall of the curtain. E:imps lead from the 
gorges of the bastions down to these outlets into the main 
ditch. 'From these outlets the communicntions to the out- 
works are around the flanks of the tenaille, and through the 
enceinte ditch, to ramps placed ak>ng the enceinte counterscarp 
leading into the demi-luue, the demi-lune ditch, the enceinte 
eovered-way, and its redoubts in the places-of-arms ; and from 
the demi-lune ditch to the redoubt of the demi-lune salient 
place-of-arms. Posterns on the faces and flanks of the bas- 
tions, near the shoulder angles, lead to the corridors of the 
enceinte. Passages are left at tbe ends of the faces of the out- 
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works leading from their corridors to the interior of tbe works. 
To keep open tbe commmiication between the bastions, a gal- 
lery between tlieir gorges is made along the curtain wall. 

For the security of the casemates, barricades can be made 
in their doore and windows, by means of timber let in 
grooves made in the walls ; the space between the exterior 
and interior timber facing being filled with sand-bags. 

173. Remarks. Tbe memoirs in which Choumara brought 
his pi-opositions before tlie public naturally attracted atten- 
tion, as much, perhaps, from their polemical character and 
piquancy of style as their professional interest. They con- 
tain bnt few things the germs of which are not to be found 
in writera who preceded liini. 

His modifications respectin'g the parapets, throwing them 
back from the scarps and brejikingthcm into directions best 
suited for defence, are to be met with in Chassdoupe's pro- 
positions. 

His proposals for lengthening the bastion flanks and occu- 
pying the salient places-of-arms by redonbta with consider- 
able command, are to be tbnnd in the method of de la CHche. 

To Virgin he seems to be indebted for bis organization 
of interior retrenchments, which are to convert each bastion 
into an independent work, equally provided for defence 
against approaches both from the interioi- and extei-ior of 
the enceinte. 

Like disputants, nsnally, of an ardent temperament, lie 
over-estimates the value of many of hie propositions and 
loses sight nftheir countervailing defects. By laying down 
as a prmciple what may be exceptionally good in practice, 
he has rather weakened his own positions. This is tiie case, 
particularly, with his rule of independence of tlie parapets 
on the scarps, which, if adopted in all cases, might demand 
a greatly increased and hurtful command, and cnt up to 
great disadvantage the interior spaces of the bastions. 

His introducfion of the chemins de ronde on the faces of 
the bastion and tbe demi-)nne adds really very little, if at 
all, to the exterior defence ; whilst they contract tlie interior 
space of these works, break in upon the nnity of the defence, 
and place the troops in them in a very exposed position to 
the means of annoyance possessed by the besiegei'. 

His expectations with respect to the effect of his fire in 
the direction of the capitals, in delaying the besieger's ap- 
proach to the 3d parallel, were hai-dly warranted by the 
experience gained in artillery and small-arms, even at the 
tune tlie last edition of his memoirs ajipciired. It it hardly 
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to be questioned, now that these weapons have been so 
greatly improved, both in range and accuracy of fire, that, 
coDsiflering the increased development of the besieger's 
parallels, which gives him a choice of positions for his bat- 
teries on so extended & line, tlie concentrated fire he could 
bring to bear on the batteries in question would not only 
Boon min their casemates, but would greatly damage the 
adjacent faces and also the flanks of the bastions, altnough 
covered from enfilading views, either by the direction of 
the parapets of the faces, or the liigli traverses raised with 
the same object. 

Tliese advantages in the position of the besieger, it is 
thought, wonld prevent any delay in pushing forward his 
approaches up to the 3d parallel. After this me approaches 
wotild probably be retarded beyond the usual time in the 
attack on Cormontaingne's fi-ont,owing chiefly to the r^dnits 
in the bastion and demi-lune salient places-ot-arms, and the 
arrangement of the face-cover in the enceinte ditch. 

174. Supposing an enceinte organized according to his 
method, and containing interior retrenchments to oppose 
the besieger's approaciies both from without and within t-lie 
enceinte, Choumara estimates at least six separate epochs 
of breaching batteries, as follows : 

1st, against tlie r^duit of the demi-hiue salient place-of- 
arms. 

2d, against the demi-lune and the reduit of the bastion 
salient places-of-arms. 

3d, against the bastions, 

4th, against the bastion retrench'nent ; 5th, against the 
retired retrenchment, 

6th, and finally, agahist the bastions converted into cita- 
dels by the I'ronte with which their gorges are closed. 

According to t!ie estimate of the time made by Chonmara, 
it would require 112 days from the opening of the trenches 
to the final assault and reduction of the last defences. 
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CHAPTER III. 

TBNAILIiBD SYSTEM. 

Description and analysis of the system (Art. IIB). 

nS. Several engineers of professional emiueiice have pro- 
posed tenailled enceintefi, as offering defensive proporties 
snperior to bastioned eueeiiites. This system lias found but 
few advocates, and, except in particular localities, where 
the natural features of the site demanded it, and for small 
works, it lias met with no practical applications. 

Requiring that the salient angles shall not be less than 60°, 
and the reentering angles between 90° and 100°, the tenail- 
led System is only adapted to regular polygons of a sufficient 
number of sides to admit of these conditions being satisfied. 

If the exterior sides are kept within the limits usually ad- 
mitted by engineers for bastioned enceintes, the faces of the 
tenailles become very long, and the reenteringa very deep; 
thus presenting two serious detects, long lines which are 
very much exposed to enfilade, and a great diminution of 
the interior space, as compared with the bastioned enceinte. 

The ditches when dry can only be swept by casemated de- 
fences in the re-entering angles ; and even then but partially, 
unless the casemated embrasures are placed very near the 
level of the bottom of the ditch, in which case the enceinte 
would be exposed to a surprise through the embrasures ; and, 
in the contrary case, liable to a like attempt from the dead 
space at the reenterings below the embrasures. In wet 
ditches this exposure to surpri,se would be much less if the 
ditches could not be forded. In either case the defect arising 
from embrasure casemates placed in a reentering angle would 
be a serious objection to using the guns of each side simulta- 
neously. 

When the salient angles of the tenailles are acute, the effect 
of the enfilading fire would not be felt alone on the face en- 
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fikded, but on the adjacent face or front, and shot passing 
over would damage the adjacent tenailies. 

The foregoing are the chief objections to this system. It 
presents no advantage but the very illusory one, considering 
the consequences arising from it, of long faces presenting a 
mutual flanking and cross fire of considerable extent. 
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CHAPTER IV. 

POLYGONAL SYSTEM. 



DcEoriptioD aad Aoalysis of the Polvgonal Sj"3(em (Art. 176.)— irontfliemberl's 
Fulygtinal ilelliod (Art, m). 



POLYGONAL SYSTEM. 

176. The polygonal system has been proposed by several 
engineers of distinction, but its most ardent advoeitte has 
been the celebrated Montalembert, whose views Lave been 
more or less carried out in many of the more recent con- 
structions of Germany. 

Consisting of either a simple polygonal enceinte without 
reeoterings, the sides of whioh are flanked by casemated 
caponnierea, placed at the middle point of the fronts, or of 
fronts either slightly tenailled or of a bastion form, with short 
casemated flanks to flank the faces of the central caponni^res, 
this system affords more interior space, and from the mode 
adopted of flanking the enceinte, will admit of much larger 
fronts than either the bastioned or the tenailled systems. 
The salient angles moreover will be more open in this than 
in the other two systems. 

From these peculiarities of this system the positions suit- 
able for the erection of batteries to enfilade the faces of the 
enceinte are less advantageous, from their being thrown in 
nearer to the adjacent fronts than in either of the other 
systems ; whilst a greater deveiopment of trenches will also 
lie requisite to envelope the fronts of attack. 

These obvious advantages, however, are counterbalanced 
by the want of the concentrated cross-fires which are afford- 
ed, in both the bastioned and tenailled systems, in advance 
of the salients of the enceinte, and upon the ground gener- 
ally in advance of the fronts. 
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Each front of the polygonal system offers moreover a long 
and vulnerable line to enfilading and slant fire, which will 
also, to some extent, take effect on the reverse of the adja- 
cent fronts. 

But the chief objection to this system lies in the mode 
adopted for flanking the enceinte. The caseraated capon- 
niiirca for this purpose being exterior to the enceinte, it will 
be exposed to escalade as soon as the fire of the caponnierea 
is silenced, which, considering the structure of the capon- 
nieres, and the exposure of their embrasures to the enfilading 
batteries, will, in all probability, take place at an early period 
after this fire ii 



MONTALEMBERT'S POLYGONAL METHOD. 

177. Among the writers on permanent fortification whose 
works have had an important bearing on the progress of the 
art, Montalembert holds a conspicuous place, although not 
educated as an engineer. Struck by the evident defecta of the 
methods of his predecessors, particularly the want of case- 
mates, both for defensive dispositions for artillery and musket- 
ry, and the shelter of the garrison and munitions, Montalem- 
bert devoted his time, talents, and fortune to bringing about 
a change in the direction in which it seemed to him called for. 
His efforts, however, led to no modifications of consequence 
during hia life, which was principally spent in angry contro- 
versies with his opponents, except the extension of casemated 
defences for sea-coast works ; and it is only within a 
comparatively recent period, since the termination of the 
great wars in Europe, in the present century, that a new 
school of engineers has grown up in Germany, ba-'ed upon 
the views put forth mainly by Montalembert ; and that tliese 
views have met with favor in other parts, although still op- 
posed fay many able engineers in all countries who contest 
their soundness. 

The principal propositions of Montalembertconsist : 1. In 
the entire rejection of the hastioned system, as, according to 
his views, unsuitable to a good defensive disposition ; and in 
its stead bo proposed to use either the temtilkd system, or else 
the polygonal system. 

2, In basing the strength of these last systems upon an over- 
whelming force of artillery fire in defensive c; 
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3. In organizing strong permanent works within, and inde- 
pendent ofthc body of the place, which are to serve as a secure 
retreat for the garrison wlien forced to give up its defence. 

Most of the objections urged against the bastioned system 
and its outworks having already been adverted to in the analy- 
sis of the front, it will be unnecessary to recapitulate them 
here; and as the tenailled system, O07nposed of faces of equal 
lengths with reentering angles of 90°, and salient angles of 
60*^, and termed by Montalembert perpendicular fortificaiion, 
from the position of the faces at the reenterings, has many ob- 
vious and more serious defects than either of the other two, it 
is proposed to give here a description of the polygonal system 
alone, and that in its most simple form ; the one in which 
Montalembert presented it for the fortifications at Cherbourg, 
one of the most important naval stations in France. 

178. Montalembert first gave the name polygonal system to 
a tra^G of the enceinte in which all of the angles are either 
salient, or where the reSutering are very slight. 

Plan. In the tra?^ proposed for this place, x, r, (Fig. 1, 
PI. XVI.) is the extenor side, or direction of the scarp. The 
body of the place consists of the scarp wall, d, (Fig. 1,) and 
section on p q, arranged with casemates for artillery and 
musketry ; of a corridor, c, between these casemates and the 
earthen rampart and parapet, B. In rear of the rampart is a 
high wall, A, arranged with loop-holes, within which the gar- 
rison retired when driven from the defence of the rampart. 

Casemated eaponnieres, M, which are secure from a coup-de- 
main, are placed along the rampart, and ao arranged that a 
fire can be thrown from them over the parapet and also along 
the terre-plein. The corridor, c, is also swept by a casemated 
eaponniere, Q, for musketry; and the front oftncwall. A, by 
a like arrangement. 

The principal eaponniere for flanking the main ditch is in 
the form of a lunette, and placed at the middle of the exte- 
rior side, its flanks joining the casemated gallery, d, of the 
enceinte. The flanks, h, and the faces, k, of this work, are 
arranged with two tiers of artillery and musketry fire ; each 
flank carrying ten guns and each face twelve gnns. A wet 
ditch, I, separates the faces and flanks ; a loop-holed wall 
encloses the portion between the flanks, from which the 
opposite portion between the faces is swept by musketry. 

The eaponniere is covered in front hy a face cover, n, of 
earth, in the shape of a redan. The scarp of the enceinte is 
covered in like manner by the continnous face-cover, o, of 
earth, in the rcSntering angles of which casemated batteries 
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of two stories, for artillery and musketry, are placed to flank 
the ditches and sweep the positions for counter-batteries 
around the salients of the covered-way. These batteries 
are masked in front by the earthen works, s and q. The 
whole is covered by the glacis of tlie covered-way, arrang- 
ed in the usual manner. 

The better to flank the main caponniere, the portion of 
the casemated gallery joining it is arranged with two tiers 
of artillery fire, the remaining portion having but one tier 
of guns, 

179. Profiles. The sections along p <), e e, and t u, show 
the relative command of the different works and the width 
of the ditches and earthen ramparts. 

Tiie conimbini cations between the different works are by 
bridges across the wet ditches. 

180. It is now generally admitted that although Monta- 
lembert has rendered important services to the progi-ess of 
fortification, particularly as regards the more extensive 
employment of casemated defences, stil! many of his pro- 
jeeta were visionary. How far the recent works constructed 
m Europe, which are based on his views, will answer their 
ends, remains to be seen by the test of actual siege opera- 
tions against them. 

...The pai-tisans for and against these views are equally 
confident in their arguments. But with the vapid improve- 
ment in artillery which has taken place within the last few 
years, and the heavier calibre which will doubtless be here- 
after used in siege opcratious, it is very donbtful, from what 
experience has already shown as to the effects of artillery 
on casemate defences, whether they will be found to with- 
stand these powerfal means, in which case the systems 
based npon Montalembert's views must fall to the ground. 
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CHAPTER V. 

REOBNT GERMAN FORTIPIOATIONS. 

Sjstem adopted (Am. 181). — General conditions (Art. 182)— Indepeiideiit works 
(Art. 183).— Uetensive bivrracks (Art 1841.— Profiles (A^"- 185),— Caae- 
mates(Art.l36).— Foswrns(Art. 187).— Mines (Art. 188).— Powder mag- 
aainea (Art. 189).- Ravetnients (Art. 190). — Casematea for artillery (Art. 
191). — Casemaied traversea (Art. 192). — Caponnifires for enceinte ditcU 
(Art. 193).— BaationnetB for ditch defBnGea{Art. 194). — Detail of defensive 
barrack (Art. 195).— Description of tlie fronta of Poaen (Art. 197).— Do- 
scription of Fort Alexander (Art. 20!i. —Remarks (Art. liOT).— Deacription 
of German Forta (Art, 21B). 

I. 

KECEHT GlHiSrAN FOBTTFICATIONS. 

181. In the large additions ma(]o to the fortifications of 
the German States, since the general peace in Europe in 
1815, the German engineers have for the most part of these 
new strnctures embraced the ideas pnt forth in the works 
of Montalembert and Carnot, adopting for the plan of their 
enceintes the polygonal system with flanking caponniferes, 
combining with these mimorous casemates for defence, for 
bomb-proof shelters, for qnartering the troops and preserving 
the munitions and other stores. 

182. From what has been published on this subject by 
the German engineers themselves and other Enropean writ- 
ers, the following appear to be the leading features upon 
which these worKs are based : 

1. Tooccnpy the principal assailable points of the position 
to be fortified by works which shall contain within them- 
selves all the resources for a vigorous defence by their 
garrisons; these works being placed in reciprocal defensive 
relations with each other, bnt so arranged that the falling 
of one of them into the besieger's hands will neither com- 
pel the loss of the othei-s nor the snri-ender of the position. 

2. To cover the space to the rear of these independent 
works either by a continuons enceinte, usually of the poly- 
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gonal system, with a revetted scarp of sufficient height to 
Becure it from escalade ; the parts of this enceinte being eo 
combined witli the independent works in advance that all 
the approaches of the besiegers npoii each, both during 
the near and distant defence, shall be swept in the most 
effective manner by their fire ; or else to connect these 
works by long curtains; or, finally, to employ them, as 
in a system of detached works, either to occupy important 
points in advance of tlie main work, or for forming capa- 
cions entrenched camps with a view to the eventualities of 
a war. 

3. To provide the most ample means for an active defence 
by covered-ways strongly organized with casemated re- 
doubts, and with spacious communications between them 
and the interior for sorties in large bodies. 

4. So to organize the artillery for the near defence that 
it shall be supeiior to that of the besiegers at the same 
epoch, and he placed in positions where it will be sheltered 
from the besieger's guns up to the time that it is to be 
brought into play. 

183. The plan of the independent works may he of any 
polygonal figure which is best adapted to the part assigned 
them in the defence of the position ; but they are generally 
in the form of lunettes, (PI. 23, Fig. 2,) having a revetted 
scarp and counterscarp to secure them from escalade. 

In the. gorge of the work a casemated defensive barrack 
is placed, which serves as a r6duit or keep; a simple loop- 
holed wall which is flanked by the barrack closing the 
space between it and the flanks of the work, and securing the 
latter from an assault in the rear. The ditches of the work 
are either flanked from the enceinte in the rear ; or, when 
the w<u'k is a detaclied one, by caponni&i-ea, or counterscaip 
galleries. The work is usually organized with a covered- 
way having one or more casemated redoubts, and a system 
of mines both for t!ie exterior and interior defence. 

184. The defensive bai'rack is nsually arranged for two 
or three tiere of covered fire, and an upper one with an or- 
dinary parapet and terre-piein on which tiie guns are uncov- 
ered and destined for the distant defence. The two upper 
tiers of covered fire are for artillery, to sweep the interior 
of tlie work, and f o reach by curvated fires the approaches 
on tlie exterior. The lower tier is loop-holed for musketry 
to sweep the interior. The barrack is suiTOiinded by a nar- 
row ditch on the interior, and this, when necessary, is flank- 
ed by siualt ca.ponniires phiced in it, which are entered from 
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the lowest story. The harracb communicates with the inte- 
rior by a door at some suitable point ; and the cominunica- 
tjon between tlie interior of the work and the exterior is 
through doors in the wall enclosing the gorge. 

1S5. Considerable diverBity is shown in the profiles of 
these works. They usnally consist of a parapet and ram- 
part of ordinary dimensions for the nncovered defence; of 
scarps either partly detached and loop-holed, with a corridor 
between them and the parapet ; or of scarps with relieving 
arches arranged with lo^-holes for musketry ; or of a com- 
bination of these two. The height of the barrack, and the 
command of the parapet of the exterior work, are so deter- 
mined that the masonry of the former shall be perfectly 
covered from the direct fire of artillery, and the exterior be 
perfectly swept by the artillery of the work. The portions 
of the counterscarps at the salients are also arranged with 
defensive galleries to sweep the ditches; usually with mus- 
ketry, but in so!ce cases with artillery, 

186. Casemates are arranged for mortars in the salient 
angles of the work, to fire in the direction of the capitals ; 
and one or more casemated traverses are placed on the terre- 
plein, to obtain a iire on the exterior and to cover the terre- 
plein from ricocliet. The masonry of these traverses is 
masked by the parapet. 

IST. Posterns lead from the interior of the work to the 
scarp galleries, the corridors, the ditch caponni^res, and the 
casemated mortar battery in the salient. 

188. The system of mines for the exterior defence consists 
simply of listening galleries leading outwards from the coun- 
terscarp galleries. That for interior defence is similarly 
arranged ; the communications with it being either from the 
barrack caponnicres, or from the counterscarp of its ditch. 

189. The work is provided with powder magazines which 
are placed at the points of the interior least exposed to the 
enemy's fire ; and covered guard-rooma, store-rooms for min- 
ing tools, etc., are made in connection with the posterns. 

190. In the profiles of their works, the German engineers 
follow nearly the same rules for the forms and dimensions of 
their parapets as those in general use in other services. They 
employ three kinds of scarp revetments. 

1. The ordinary full revetment, or sustaining wall, with 
counterforts, 

2. Revetments with relieving arches, either with or with- 
out defensive dispositions, as circumstances may demand. 
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3, Scarp walla cither partly or wholly detached from the 
rampart and parapet. 

In all these cases, they give to their scarp walls a height 
from 27 to 30 feet for important works ; and about 15 feet 
for thasc Icsg so. The batter of these walls is usually one 
base to twelve perpendicular. For the full revetment with 
counterforts, they regulate the dimensions of both so as to 
afford the same stability as in the revetments of Vauban. 

In their revetments with simple relieving arches, they use 
either one or two tiers of arches ; placing the single tier 
either near the top, or towards the middle of the wall, 
according to the nature of the soil and the pressure to be 
sustained. 

RiivGtmentg with relieving arches for defence, or scarp gal- 
leries, are arranged for one or two tiers of fire. The back of 
the gallery is sometimes left open, the earth falling in the natu- 
ral slope in the rear ; or it is enclosed either with a plane or 
a cylindrical wall, according to the pressure to be sustained. 

When the upper part of the wall is detached, to form a 
corridor between it and the parapet in its rear, the top por- 
tion alone is, in some cases, arranged with loop-holes and 
arcades, or with recesses to their rear, to cover the men from 
shells; in others, a scarp gallery is made below the floor of 
the corridor to give two tiers of fire. The corridors arc from 
8 to 20 feet in width ; and when deemed requisite, they are 
divided, from distance to distance, by transvei^e loop-holed 
traverse walls for defence. 

When the scarp walls are entirely detached, they are ar- 
ranged for cither one or two tiers of fire, with arcades to 
cover the men ; the banquette tread of the npper tier of loop- 
holes resting on the arches of the lower tier of arcades. 

The counterscarps are a-evetted either with the ordinary- 
wall, or arranged with a defensive gallery with a full centre 
arch, parallel to the face of the conntei-scarp wall, 

191. The German engineers make a liberal use of bomb 
proof casemates for mortar and gun batteries. The former 
are either placed in the rear of the parapet, or of the ram- 
part and along the faces ; or else in a salient angle. 

In the former case, they are covered in front by the para- 
pet; in the latter, either by the scarp wall alone, or by 
a casemated defensive mask, placed in front of the batteiy. 

"When placed along the face (PI. LXL, Fig. 50), they are 
arranged for one or several mortars, and frequently with 
two tiers of arches, the upper one for the service of the 
mortar, and the lower one for a bomb-proof shelter for 
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troops, or munitions. The chamber occupied by eacli mor- 
tar is a rectangle 12 feet wide and abont 20 feet in depth ; 
this is covered by a full centre rampart arch, the height of 
the piers at the back of the chamber being 4 feet and in 
front from 6 to 9 feet above the level of tne mortar plat- 
form. This enables the shell to clear the top of the para- 
pet in front, 'which is abont 12 feet above the level of the 
platform, and 21 feet in front of the battery. 

The chamber is, in some eases, left open both in front and 
rear, to allow the smoke to escape readily, and to diminish 
the effect ot the concussion of the discharge on the masonry ; 
in other cases it is closed by a wall in the rear ; an opening 
being left in this wall immediately under the ai'ch for tho 
same purpose. 

A small ditch is placed in front of the battery ; and the 
wall in front is extended about three feet above the plat- 
form, to shelter the men from the explosion of shells that 
may fall into the ditch. 

The abutments of the arches are 7 feet thick and tlie piers 
4 feet. The arches are 2 feet 6 inches thick ; they are cov- 
ered on top by from 4 to 6 feet in thickness of earth ; and, in 
like manner, the arch and abutment are secured on the aide 
exposed to an enfilading fire. 

An ordinary traverse is placed on the same side, to cover 
the masonry and commnnication between the front of the 
battei-y and the parapet ; the chambers of the mortars are 
entered from the front, or from the sheltei^ed side, by a 
door in the abutment. 

When placed in an obtuae salient, behind a scarp with a 
corridor, a space of 10 or 12 feet is left between the back of 
the scarp wall and the front of the battery. The platforms 
of the mortars are about the same distance below the top of 
the aearp. The arches are covered by the earth of the para- 
pet to the depth of 5 or 6 feet. The dimension's and arrange- 
ment of the chambers and arches are the same in this as in 
the preceding case. 

The communication from tke interior of the work to the 
battery is by a postern 6 feet in width. A casemated guard- 
room is made in connection with the postern ; and when the 
scarp is arranged with relieving arches, either for defence or 
for other purposes, an arched stairway is in some eases made 
as a communication from the postern to the casemates. A 
transversa! wall with a doorway serves to cut off the court 
in fiont of the battery from the corridor to the rear of the 
wall. 
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In the less obtuse salients, the front of the battery is made 
circular; the chambers being so placed that the fire of the 
mortars can be thrown in the direction of the capital. A 
easemated defensive traverse, placed in the salient, masks the 
battery in front; and it is covered on the fiankg by the earth 
on the top of the arches. The details otherwise are the eame 
as in the preceding case. 

W2. In the arrangement of easemated traverses for guns 
(PI. VI,, Figs. 48, 49), the chamber for each gun is a rectangle 
24 feet in depth, estimated from the interior crest of the para- 
pet, and 12 feet wide. The chamber is covered by a full 
centre arch, the height from the level of the platform to the 
crown of the arch being 8^ feet. The arch is 2 feet thick, 
the piers between the arches 3 feet^ and the abutments 3^ 
feet. The mask wall in front of the chambers is 3 feet thick. 
This wail is covered in front by the parapet, and by several 
layers of fascines, or of heavy timber laid across the embra- 
sure in the parapet and above the one through the mask 
wall. The cheeks of the embrasure in the parapet are like- 
wise revetted with heavy timber at some distance in front of 
the mask wall. The masonry is covered on top and on the 
sides with 5 or B feet thickness of earlh, to secure it from 
shells and enfilading shot. The casemates are left open to 
the rear. 

In some eases, a blinded battery for a single gun (PI. VI., 
Fig. 49), is arranged by enclosing the sides and front of the 
chamber with walls, and covering it with a layer of heavy 
timber, supjiorting two thieknesses of large fascines, covered 
with a thickness of 5 or 6 feet of earth ; the dimensions of the 
chamber are the same as in the preceding case. 

193. The caponnieres (PI. VI., Figs. 37, 38), for flanking 
the main ditch, usually consist of two faces and two case- 
mated flank batteries of two stories each; the lower story 
being loop-holed for musketry, imd the upper pierced for 
artillery. Each battery consists of several rectangular cham- 
bers; each chamber for a single gun being 12 feet wide and 
24 feet deep; or of smaller dimensions, according to the cali- 
bre of the gun and the kind of earriagfe on which it is 
mounted. The upper chambers are covered with bomb- 
proof arches, the lower one by arches of sufficient strength 
for the weight thrown upon them. The front mask wall 
of the casemates is 6 feet thick ; the wall in the rear is 3 feet 
thick and is pierced with windows for light and ventilation. 
Openings for the escape of the smoke are also made in the 
front mask wall immediately below the crowns of the arches. 
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An interior court 30 feet in width is left between the two 
flank batteries, and when the batteries are detached from the 
scarp wall the space between is enclosed by a loop-holed 
wall built on each side in the prolongation of the front mask 
wall. 

The faces of the caponni^re form a salient of 60°. They 
arc separated from the flanks by two stories of arched corri- 
dors, in front of which arc two arched chambers of two 
stories ; the upper chamber being arranged for mortars. 
An open triangular court is left between the front walls of 
these chambers and the faces of the caponniSre. The upper 
part of the walls of the faces along this court are arranged 
with arcades and loop-holed for musketry, and have an open 
corridor in their rear on the same level as the chambers of 
the second story. 

The caponni^re is provided with a powder magazine and 
other necessary conveniencies for the defence. 

The flanks of the caponniere and its interior are swept by 
the musketry of the scarp galleries in its rear. The faces in 
like manner are swept' by artillery and musketry in casemates 
behind the scarp. 

The arched chambers of the upper story are covered by a 
thickness of 5 or 6 feet of earth. 

194. Caponnieres of smaller dimensions, termed lastiori- 
nets (Pl-V., Fig. 39), placed at the angles of redoubts to flank 
the ditches, are uaually arranged for musketry, but sometimes 
receive artillery. Those for flanking the ditches of the inde- 
pendent works in advance of the enceinte, are sometimes placed 
in the ditches of these works; sometimes behind the scarp 
wall of the enceinte ; and sometimes in casemates in the main 
ditch, detached from the scarp wall. 

The communications from the interior with the capon- 
nieres are by posterns. 

195. The detensive barracks, forms one of the most dis- 
tinctive features in the organization of the German fortifi- 
cations. The plan of these works may be of any figure to 
suit the object to be subserved by them. When placed in 
the gorge of an independent work and serving as a keep to 
it, tlieir plan is usnally semicircular. 

The barrack consists of one or two stories of arched cham- 
bers for covered fire, and an open battery on top wiih an 
earthen parapet and ten-e-plein. 

The arched chambers are formed by connecting the front 
and rear walls of the barrack by transversal walls which 
serve as piers for the arches of the ceiling, the soffits of 
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which are either cylindrical or conoidal, according as the 
piers are parallel or otherwise. The cliambers are about 
18 to 20 feet wide, and 60 feet in depth ; ttieir height, un- 
der (lie crown of the arch, from 9 to 11 feet. The arch of 
the highest chamber is 2J feet thick, and being covered 
with a capping and the earth of the open battery on top, is 
bomb-proof. The arebes of the lower stories are IJ feet 
thick. The front wall of tlie barrack ia iisnally 6 feer, and 
is pierced in each chamber with one embrasure and two 
loop-holes. The rear wall is 3 feet thick, and has a window 
in each chamber for light and ventilation. Openings for 
ventilation are also made in the front wall just beneath the 
crowns of the arches. Doorways are made tlirough the 
transversal walls to form a cominanication between all the 
chambers. These are sometimes placed along the centre of 
the piers, at others near their extremities, so that tlie cham- 
bers being divided by sliglit partitions into two compart- 
ments for the guai'tering of the troops, tliei'e will bo a con- 
tinuous hall either along the eenti-e, or near the rear wall, 
upon which all the apartments open. The barracks are, 
otherwise, arranged witii all the requisites for lodging the 
troops comfortably and healthfully. The lower story of 
the barrack is surrounded by a narrow ditch. A draw- 
bridge across this ditch secures the entrance to the bai-rack 
at the gorge. 

In some cases (PI, LXXI., Fig. 53),where the front wall of 
the barrack is much exposed to the besiege I's tire, the piers 
are made thicker near the front wall ; and they each have 
two vertical grooves to receive timber, laid horizontally, 
between which sand-bags can he packed in to afford shelter 
when t!ie front wall has become much damaged by the be- 
sieger's artillery. 

196. Remarks. Tlie foregoing summary description, 
with tlio plates, will give a good general idea of the princi- 
pal defensive arrangements constructed of masonry wiiich 
enter so largely into the recent German fortifications, and 
upon the details of which the German engineers have be- 
stowed great attention. 

The adoption of the polygonal system, w'ith caponni^re 
defences for tlie main ditch, has enabled the German engi- 
neers to give, in their fortifications, a greater exterior side 
than in the bastioned system generally, and still admit of 
lines of defence in which grape, canister and small-arms, 
particularly the later improved musket, wilt tel! with effi- 
cacy upon the beseiger's works on the glacis around the 
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Baliente of the enceinte. "Willi a few exeeptione, nothing of 
a very reliable cliaracter has been published as to the plan 
of these works, further than the general defensive disposi- 
tions. From these it appears that, keeping in view the 
cardinal point in all fortification, the adaptation of the 
various fronts to the site of the work, so that all tho 
approaches upon them shall be commanded and swept by 
their fires, whilst tlie principal lines of the enceinte receive 
the beet direction to place them as little as possible within 
the range of enfilading positions, the exterior side is nsually 
kept somewhere between 500 and (iOO French metres, or 
between 450 and 700 yards. 



FRONTS OF rOSF.H. 

197. The following is an outline of the plan and defen- 
sive dispositions of a front of the fortifications of Poaen, 
one of tile most noted of these recent strnctnres. 

Tlie exterior side, ae (PI. SXII., Fig. 2), is 580 yards ; a 
distance, cd = Jj ab, is set off on the perpendicular of the 
front and within it ; and on the line joining the salients a, 
B with D, distances, ah, dm, eqnal ^ ab, being set ofi", give 
the faces of the front. 

The salient, b, of the independent work is on the perpen- 
dicular of the front, and at a distance from c ecLual to i ab. 
Describing from e an arc witli a radius of 20 yards, and 
drawing tangents to it from the points h and m, gives the 
counterscarps of the independent work ; the faces, ef, ef', 
are parallel to the counterscarp and equal i ab. 

The ditches of this work areflankeaby casemated capon- 
niferes, iir, mk, which are 85 yards in length, or sufficient 
for four guns; the directions of these flanking casemates 
being nearly perpendicular to the direction of the faces ef'. 
The flanks, fg, f'g', receive the most suitable directions for 
sweeping the approaches in advance of tiie salients of tho 
front. 

The main ditch is about 30 yards wide, its counterscarp 
being parallel to the faces of the enceinte; and the gorge of 
the independent work is on the prolongation of this counter- 
scarp. 

The curtains of the enceinte are directed from the points I, 
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N on the point c, and are tliua nearly parallel to the exterior 
side. 

The main ditch is flanked by a large, casemat^d, defensive 
barrack, having three stories of covered fire, the lower for 
musketry and the upper for artillery, and an open battery oa 
top. The plan of tliis work is that of the letter u ; the eir- 
eudar part projects within the independent work, and serves as 
its keep ; the sides are nearly perpendicular to the face3_ of 
the enceinte, and are prolonged within the enceinte, serving 
as a defensive caponniere to flank the main ditoh, to sweep 
theterrepleins of the enceinte curtains, and also the interior 
within the range of the guns of two round towers with which 
the sides are terminated. The sides of the barrack are 
separated from the rampart of the curtain by lateral ditches 10 
yards wide, which give access to the main ditch from the in- 
terior for troops in large bodies for sorties. 

The parapet of the enceinte (Fig. 4), is thrown back from 
the scarp, leaving a corridor between the foot of its exterior 
slope and the scarp wall, the floor of which is 12 feet above 
the bottom of the main ditch. 

The scarp wall rises 16 feet above the level of the floor, 
thus giving it a total height of 28 feet above the bottom of 
the main ditch. This wall is loop-holed for small-arms. 

The counterscarp wall of the main ditch is 24 feet in 
height. 

The faces and flanks of the enceinte have a relief of 44 feet ; 
the relief of the curtain being only 40 feet. 

The corridors of the curtain terminate at the court or open 
space behind the flanking casemates, hi, mn. 

Posterns lead from the interior to the corridors of the faces 
and flanks, and from the lateral ditches to the corridors of the 
curtain. 

The interioropen space between the sides of the defensive 
barrack is closed by a loop-holed wall between the end 
towers. A ditch surrounds the towers and the gorge between 
them, across which a bridge, terminated at the wall by a 
draw, gives access to the interior open space and the bar- 
racks, 

198. The scarp, rampart and parapet (Fig. 5), of the inde- 
pendent work are arranged with a profile similar to that of 
the enceinte. The circular portion of the defensive barrack 
which serves as the keep is surrounded by a ditch, which is 
swept by small caponnieres attached to the keep. A circular 
mortar battery, covered in front by a casemated traverse, is 
placed in the angle of this work ; and behind this a casemated 
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battery for howitzers is placed on its terre-plein, in the direc- 
tion of its capital, to give revetse views on the glacis of the 
collateral independent works. The gorge of this work is 
closed by a loop-holed wall which extends between the keep 
and the scarp wall of the flanks. 

The communication between the main ditch and the inte- 
rior is through a gateway in this wall. Posterns lead from 
the interior to the corridors of the faces and flanks, and to the 
mortar battery in the salient. 

199. The counterscarp of the independent work ia arranged 
with a defensive gallery, with which a system of mines for the 
exterior defence is connected. A system of mines for the exte- 
rior defence is connected with the small caponnitsres in the 
ditch of the keep. 

200. The covered-way is without the usual traverses, its 
interior crest being broken into a cremailliere line. Its 
salient and reSntenng places-ofarma are occupied by case- 
mated redoubts. The communications from the main ditch 
to the eovered-way are by wide ramps which are at the 
gorges of the reentering places-of-arms and under the fire of 
their redoubts. 

III. 

FOBT ALEXAKDES. 

Among the most reliable of the published plans of Ger- 
man fortification is that of the main front of Fort Alexander, 
a detached quadrilateral work of tlie fortifications of Coblentz, 
given by Colonel Humphrey of the British Army. 

201. Plan. The exterior sides of the enceinte of this fort 
(PI. XXII., Fig. 6) form a parallelogram, the acute angles of 
which are 85°. TJie main and rear fronts are each 500 
yards, and the other two 420 yards each. Tbe main front 
ia of the polygonal system, with a strong defensive caponniere 
to flank the main ditch. 

The caponniere is covered by a demi-lune, and the salients 
of the enceinte by counterguards ; the ditches of these works 
being flanked by casemated batteries at the reentering 
formed between them. 

There is no covered-way in front of these outworks, their 
counterscarps being of earth with a gentle slope. A small 
earthern work, containing a casemated redoubt, is thrown up 
at the salients of the counterguard counterscarp. 

To construct the trage take ab=-500 yards for the exterior 
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side of the enciente, -wTiich divide into three equal parts, 
ad=iie=eb. Bisect ab by a perpendicular on which set off 
hH=hd=he=^ ab. Through h drawing a parallel to ab 
and setting off along it the distances ha— hb=— 320 yards, the 
points A and B will be the salients of the countcrguards. 

From H, as a centre, with the radii nd^He, describe two 
area, on whicli set off from d and e the chords di— ek=^33 
yards, these will he the lengths of the casemated flanks ; ik 
being joined gives the enceinte curtain. 

The salient angle of the main caponni&re is constructed by 
drawing from a point, ra, on the capital, at a distance of 20 
yards from the lines nd, He, lines to the extremities i and k 
of the capemated flanks. The flanks of the caponniere, tn^ — 
vo, extend hack to the exterior side, and are 33 yards in 
length and 33 yards apart ; or each 16i yards on each side 
of the capital. 

The faces of the counterguards are directed on the point 
C^^ijAB=53^ yards on the capital from H. 

The salient F, of the demi-lune is \ ab^106 yards from 
the point c ; its faces fd, fe, are parallel to the lines sd, He, 
which last, joined by an arc of a circle described from in as 
a centre, with a radius of 20 yards, and terminated at the 
counterscarp of the enceinte ditch, which is 28 yards from ab, 
will give the demi-lune gorge. 

A casemated battery for 3 guns, behind the demi-lune 
scarp wall, flanks the countei^uard ditch ; and one for 8 
guns flanks the demi-lune ditch, and oloaea the opening be- 
tween the demi-lune and counterguard at this point. A 
narrow ditch 10 feet wide is lefl between the flank of this 
battery and the extremity of the counterguard, as a commu- 
nication between the main ditch and the ditches of the out- 
works. This opening is masked by an overlap of the coun- 
terguard. 

Casemated, or blinded, batteries are made in the salients of 
the enceinte and of the demi-lune, 

202. The main caponniere (Fig. 8) has two tiers of covered 
artillery fire on the, flanks, of 5 guns each; the lower to 
sweep the main ditch, the upper the terre-pleins of the eoun- 
terguards ; its faces have two tiers of loop-holes. It has no 
uncovered fire, but a simple covering of earth as a bomb- 
proof. 

203. Casemates, for five mortars each, are placed in the 
salients of the enceinte at the foot of the rampart slope. 

204. A narrow corridor (Fig. 6), the floor of which is 20 
feet above the bottom of the main ditch, is left behind the 
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scarp wall of the enceinte; tlie faces and curtains of this 
wall arc. loop-holed and arranged with arcades to shelter the 
men, like the detached scarp walls of Carnot. Tiiese scarps 
are 30 feet high. The height of the enceinte above the 
parade is 26 feet. 

205. The scarp walla of the derni-lune and counterguards 
(Fig. 7), are arranged like those of the enceinte. The com- 
mand of these works is 16 feet. Their counterscarps are 
arranged with loop-holed galleries, from which communica- 
tions lead to a system of mines for exterior and interior de- 
fence. 

206. The rear side of this fort, not being exposed to artil- 
lery, issiraplyclosed by a loop-holed wall and ditch. A large, 
circular, defensive barrack occupies the centre of this rear 
front, serving as a keep to the fort, and to sweep by its fire 
the ground on the rear and flanks of the front 

207. Remarks. Tt will be seen that in the arrangement of 
the plan of this work, the polygonal system, with caponni&re 
defences, of Montalernbert, has been adopted as the basis, 
with such modifications as the features of the site afforded 
to withdraw the principal lines from the range of enfilading 

The German engineers apply the preceding dispositions to 
every class of detached works, whether within reach of the 
artillery of the main work or beyond it. 

In the former case the work is either in the form of a lu- 
nette or a redan, according to the requirements of tlic site ; 
the gorge of the work being secured by a slight loop-holed 
wall that can be readily destroyed by the artillery of the 
place; and thus open its interior to view when occupied by 
the besieger. 

In the latter, the plan is that of a polygonal redoubt en- 
closed on all sides by a parapet. 

The ditches in all such cases are flanked by small capoo- 
ni^res, placed at the angles of the work, and arranged both 
for musketry and artillery ; besides having a counterscarp 
gallery whiuh serves as the point of departure for the galleries 
of the exterior system of mines. 

The apparently wide divergence between the German for- 
tification of the present day and the bastioned system, which 
last had been adopted as the normal one throughout the world 
until these innovations were practically introduced, has given 
rise to active discussions among engineers in Europe, in 
which, as in all such cases, very ultra ground has been taken 
by both parties to the dispute. 
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208. In each system the points admitted as essential in all 
fortification of a permanent character are sought for, viz. : 

1. An enceinte secure from escaUde and thoroughly 
flanked by artillery and emall-arme. 

2. Such an adaptation of the plan of the enceinte to the 
site as sliall secure, as far as practicable, the principal lines 
from enfilading views. 

S. OntworliB of Bufticlent strength in themselves, and of 
such defensive relations to the enceinte, as to force tlie be- 
sieger to carry them hy regular approaches before being 
able to assault the enceinte. 

i. Interior defensive works, or keeps within the assaila- 
ble points of the enceinte; and also in the outworks firefc 
subject to an attack, to give confidence to their garrisons in 
holding out to the last extremity. 

5. Ihe means necessary for an active defence. 

6. The use of mines as an auxiliary. 

7. The protection of ail masonry by earthen masks from 
the distant batteries of the besieger. 

209. Tlie only question then is by wliich of these two 
systems the object la view is best attained. 

In the solution of this question we are met at the outset 
by the absence of any reliable tests as to the real value of 
the defensive means adopted in the German system. No 
place fortified by this mode has yet been subjected to a 
siege, and nothing can ihei-efore be with certainty stated aa 
to tlie degree of resistance the peculiar defensive means 
adopted may be expected to afford. 

Many special experiments in breaching scarp walls and 
casemates, and the results of the more recent sieges, go to 
show tliat all structnres of masonry, whenever they can be 
reached by heavy projecliles within effective ranges, 
whetlier in view or not, may be greatly damaged if not en- 
tirely ruined; and that troops witJiin defensive casemates 
exposed to such a fire, would be soon driven out of them 
by the embrasure shots, and their cannon destroyed. 

That the fianking caponnleres of tlie enceinte and of the 
independent works in tlie German systems are thus exposed 
and liable to these objections does not admit of a question. 
Like assertions may be made of the scarps, which are either 
wholly or partly detached; and of the traverse walls by 
which the corridors of the ei ceinto are divided for defence. 

T!ie defensive barracks in the gorges of tlie independent 
works, and which serve as their r^dnits, as well as the loop- 
holed wall by which the gorges of these worlds are closed, 
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beiag thrown back from the cover of their parapets, aro 
also similarly exposed. 

The German engineers, it is said, have, by the disposi- 
tions made in some of their more recent structures, by 
abandoning the countersloping glacis of Carnot and his 
detached scarps, employing in their stead, on fronts of 
attack, scarps with relieving arches, and covering, to some 
extent, their ditch cajjoniiiere defences by earthen masks, 
shown some distrust of the methods mostly used in their 
first structures, planned upon the views of Montalembert 
and Carnot. 

210. The polygonal tra^e which obtains in most of the 
recent German works has certain prominent advantages and 
defects which may be seen by a alight comparison with the 
bastion ed system, 

Aa the exterior sides are longer and the regnterings of the 
enceinte less deep than in the bastioned systems, it follows: 

1. That the interior space enclosed by the enceinte is 
greater in the polygonal tra§6. 

3. That the faces of the enceinte are less exposed to 
ricochet from the greater obtuseness of the salient angles. 

3. That the fire of the faces has thus a better bearing on 
the distant defence, 

4. That, requiring fewer fronts on a given extent of line 
to be fortified, there will be fewer flanks and more artillery 
therefore disposable for the faces and curtains. 

5. That, in the usual mode of attack, the besicgera will be 
forced into a greater development of trenches for the same 
number of fronts. 

211. Its defects are : 

1. That the enceinte, having no other flanking defence than 
the main caponniere, will be exposed to an escalade so soon 
as the fire of this defence is silenced. 

2. That the progress of the besiegers during the last and 
most important period of the siege is but little delayed, owing 
to the slighter reenteringa formed by the independent works 
in front of the enceinte salients. 

212. The defects in the bastioned tm^^ and the modes 
proposed by different engineers to remedy them, particularly 
those of Choumara, have been sufficiently dwelt upon to 
show that, with the advantages inherent in this trage of pre- 
serving the means of flanking the enceinte ditch to the last; 
of throwing the bastion salients into deep reenterings ; and 
giving a better direction to the enceinte faces for sweeping 
the ground in advance of the demi-lune s " 
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ceptible of receiving all the means of casemated defences; 
of a great development of flank fire; of defensive arrange- 
ments of mines; of ample communications for an active de- 
fence ; and an extension of the exterior side fortified com- 
mensnrate with the improvements of late years in artillery 
and small-arms. 

213. In the discussions which have taken place upon the 
merits of these two tragus, between engineers of the two 
rival schools, each has seemed disposed to exaggerate the 
defects, and to depreciate the advantages of the system 
analyzed, and has conducted his mode of attack accordingly. 
The true point, however, as to the inherent merits of the 
question, does not lie in a comparison of the means of resist- 
ance of a bastioned trage with defective communieatious and 
without casemated defences and mines with that of thetierman 
system, but between the former with these additions, now re- 
garded by engineers of every school as indispensable to a 
vigorous defence against the greatly improved means of 
attack of the present day, and the latter. 

214. The fragility of masonry and the ease with which it 
can be ruined by distant batteries of heavy calibre, particn- 
larly when pierced with embrasures and loop-holes, like the 
casemated caponnieresand defensive barracks of the German 
system, must naturally incline engineers to limit its employ- 
ment as much as possible ; reserving its use for positions 
where it will not be subject to this exposure, or where it 
can be so covered with an earthen mask that nothing may 
be apprehended from the besieger's heavy guns. 



QEKMAN F0KT8, 

215. In their detached works or isolated forts, the German 
engineers follow the same defensive measures as in the 
independent works belonging to a continuous enceinte. 

A strong casemated barrack (PI. XXII., Fig. 2), the plan 
of which is either curvilinear or polygonal, with several tiers 
of fire, serves as thereduit or keep of the work, and is placed 
either within it or at its gorge, according to the position to 
be occupied. The interior is provided with casemates, for 
gnus and mortars, placed at the salients and along the terre- 
plein ; frec[uently under traverses when these are used to 
cover a face from enfilading views. 
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Tlie Bcarp walla aro uanally built with relieving arches, 
defensive scarp galleries, and open con-idora beliind the 
upper part of the scarp wall, which is also looped-holed. 
The ditches are flanked by small caponiiierea, placed at ti\e 
angles of the woi-k or along its faces, and by looped-holed 
counterscarp galleries; and mines for exterior and interior 
defence are connected with these galleries and with the 
ditch wliich iisimJlj anrrounds tlie keep. 

216. Tower Forta. The favor with which the views of 
Montalembert have been received in Germany has led to the 
adoption of his circular casemated towers, both as isolated 
forts, and comliined in a aj^stem of detached works for cover- 
ing a space to their rear tor an intrenclied camp, as at Linta. 
These towers, in their interior arrangements, are the same as 
tlie defensive barrack already described ; with the excep- 
tion of those differences in the details of the construction 
which the difference in their plans wonld call for. They 
have several tiers of covered fire for artillery and musketry, 
and an open battery on top, the parapet of which is either 
of earth, or of masonry, according to the dimensions of the 
tower. 

In the towers of Lintz they arc surrounded by a ditch, 
and the whole of the masonry which would be exposed to 
the besieger's batteries is covered by a glacis, leaving only 
the guns on top to have direct views on these batteries ; the 
second tier flnng nnder an elevation over the creet of the 
glacis mask. Tlie ditch towards the interior is ci'ossed by a 
temporary fixed and a draw bridge leading to the second 
Btory of the tower. The gans of the top batteiy are placed 
on a revolving platform, their carriages being of a peculiar 
construction to admit of the axis of the guns remaining par- 
allel, so iia not to have their shot diverge from the object to 
be reached, and, at the same time, to occupy as little space 
laterally as will just suffice for the service of the guns. An 
earthen parapet covere the guns on the side exposed to the 
besieger s tire, and one of masonry towards the interior. 

These towers, with the exception of the open battery, have 
the defects of divergent fires common to all works with a 
circular plan ; and tlie open battery is liable to be rendered 
useless, or be ruined by a well-aimed shot or two, or a heavy 
shell falling on its platform. The tower without earthen 
masks can only be used with advange in positions where it 
will not be exposed to being breached from a distance; and 
is a very good auxiliary in sea-coast defence, for points 
■where the object ia solely to prevent an enemy's vessels from 
making use of a safe anchorage on the coast. 
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CHAPTER VI. 



INFLUENCE OP mREaULARITIES Or SITE ON THE 
rORMS AND COMBINATIONS OP THE ELEMENTS OF 
PBRMANENT WORKS. 

sunraARv. 

Greneral conditions (Art 211). ^Conditions of commands (Art. 220). — Adap- 
tation ol plan to the 8ite(Art 231).— Remarks (Art. 223).— Seni arks on 
the defilement of perinacent works (Art. 224). — Bala for the defilemeot 
of permanent works (Art. 223) — Limits of defllemenl (Art. 226). — Dan- 
gerous zones of tlio aita (Art, 327). — Portions of zones that may be dis- 
regarded (Art. 231). — DefllemenL of masonry (Art. 232) — Limits of defile- 
ment for small works (Art. 233).~ProQt and lateral limits (Art. 234).— 
Remarks (Art. 235).— Cases of defilement (Art. 236).— Front defllemenl of 
a redan, the eommand being given (Art. a37),— Reverse defllemeot of a 
redan (Art. 238).— Poation of traverse for reverse defilement (Art. 239). — 
Forms and arrangement of traverse (Art. 24('), — Combinatloiia of several 
traverses (Art. 242). — General case of tlie defilement of a bastion (Art. 
245). — Defilement of retired from advanced works (Art. 246). — Defilement 
by aparados (Art. 241).— General remarks (Art. 248), 

217. Altliougli the same general principlea are applica- 
ble, and the same conditions must be satiefied in planning 
a work, so that it shall have all the efficiency of which it 
is capable, whether the site is unbroken and sensibly hori- 
zontal, or presents a great variety of feature, witiiin the 
range of cannon of tlie proposed work ; still irregular sites, 
where the surface is of a diveraified character, give greater 
scope for tlie science and skill of the engineer, and call for 
all the resources of bis art in adapting bis plans to tlie 
natural features of the site, than level ones. 

The principal conditions to be satisfied, and which are 
the same in all cases, arc : 

1. That every point exterior to the defences, over which 
the enemy must approach them, or from which he can an- 
noy them by his fli'e, should bo brought under the fire of 
the defenecB. 

2, That no point of the defences shall be 3eft unguarded 
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by their own fire, or present any position where the enemy, 
obtaining temporary ehelter from fire, may gain time to 
renew an onset. 

3. That the troops and materiel within the defences shall 
be sheltered from the enemy's fire in any position he may 
take exterior to tiiem. 

218. The problem presented for golHtion to the engineer 
in irregular sites is frequently one of no ordinal^ complexi- 
ty ; demanding a minute and laborious study of the natural 
features of the position in tlteir relations to the defence ; 
connected with a tentative process of which the object is so 
to modify the plan, relief and details, ordinarily adopted, 
88 to adapt them iu the best manner to the given position. 
No rules but of a veiy general character can be laid down 
for the guidance of the engineer in such cases ; among which 
the following are the most essential, and, when practicable, 
should be adhered to. 

219. It has already been observed that, from the means 
need in the attack by regular approaches, the more plung- 
ing the fire of the work, tlie more efficacious will it prove in 
retarding the enemy's progress. The eiEciency of this fire 
will depend upon two causes : 

1. The command of the work over tlie point to be at- 
tained. 

2. The direction of the ground with respect to the lines 
by which it is swept. 

220. As to the command of the work over the exterior 
ground, it has already been siiown that motives of economy 
I'estriet it, in most eases, within very narrow limits, where, 
to.obtain it, artificial embankments have to be employed. 

To augment, therefore, in the greatest degree this ele- 
ment of the defence, advantage should be taken of the 
natural features of the locality, by placing the principal 
lines, from which the exterior ground can be seen, on the 
most commanding points of the site. 

If, with this position given to the principal lines, the 
ground swept falls or slopes towards them, the most 
favorable combination for an efficacious plunging fire will 
be obtained ; for, with this direction of the ground, the 
enemy will meet with far greater difficulty, to put himself 
under shelter by his works, than where the ground falls or 
slopes from the line by which it is swept ; as the surface, 
in the latter case, descending in the rear of the cover 
thrown up by the enemy, will be screened to a greater 
extent than in the former, where it rises in the rear of the 
cover. 



hv Google 



ELEMENTS OF PERMANENT FORTIFICATION. 131 

When this, however, cannot be effected, the next best 
thing to be done is, so to place the principal lines with 
respect to the surface to be swept that it shall be seen by 
a part of these lines, tlins bringing to bear upon it a flank 
fire fi'Oin these parts. 

221. The general nile, therefore, which the engineer ia 
to take as a guide, in order to satisfy the condition of bring- 
ing the exterior ground under an efficacious fire from the 
work, is : 

1. To place the principal Imss of his work on the most 
commanding pomts of the site, and in suck directions as to 
h'ing the exterior ground to he swept in a position sloping 
towards these lines in such a ■manner that they can bring 
their emti/reiire to hear upon it, or else hring aportion of %t 
to sweep it in front. 

This will generally be best effected by placing the 
salient points of the work on the most commanding and 
salient points of the site ; as, in tliis position of tlie salients, 
the faces, which are usually the principal lines bearing on 
the exterior ground, will occupy the salient and command- 
ing portions of the site, whilst the reenterings, being thrown 
on the reentering and lower portions of tlie site, will be in 
the best position for sweeping the ground immediately in 
advance of the faces by a flaiik fire ; and at the, same time 
these re§nterings wiil be masked by tlie faces from the 
enemy's view, and thus preserved from serious injury up to 
the moment when their action may be rendei-ed most effec- 
tive ; that is when the enemy, desiiite the fire from the 
faces, has succeeded in planting himself upon points on 
whicii this fire cannot longer be brought to beai-. 

To carry these precepts into practice, a wide margin is 
left to the engineer's judgment, in which he will find it 
necessary in some cases to extend the lines of his works be- 
yond what a strict regard to economy might prescribe, so 
as to include within his defences gronnd from which he can 
best sweep what is exterior to it, or which, being occupied 
by the assailant, might make his own position less tenable, 
in this way forcing him to extend out his lines so as to 
embrace crests wiuiin them that overlook valleys beyond 
them ; and in some cases to throw his own lines further back 
in order to avoid enfilading or plunging views from points 
which are too far to be brought within his defences. 

3. The condition of leaving no point of the defences un- 
guarded hy the Jire, will depend in a great degree for its 
jiiltilmeut on the same rule as the preceding. But where 
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toth conditions cannot be satisfied, the distant defence 
Bhonid be sacrificed to the near ; as upon the latter the 
more or less of obstinacy of resistance depends ; since the 
fire of the work and the action of the garrison are the 
more efiective as the point to be giiai-ded is the nearer to the 
defences. 

3. The condition thai the troops and materiel within the 
defences shaU be sheltered frmn the enemy's Jire, from all 
cominandm,g points without, will depend npon the relative 
positions of the principal lines and tlie exterior command- 
ing points ; and as far, therefore, as it can be done, without 
sacrificing either of the preceding and more important con- 
ditions, the plan of the -work should be so arranged that the 
principal Hnes shall present themselves ui the most favora- 
ble direction to the exterior ground to avoid plunging, en- 
filading or reverse views upon their terre-pleina from any 
point of it. 

222. To effect these objects, when the work is in the 
vicinity of commanding heights within cannon range, and 
the crests of these heights, as seen from the work, present a 
nearly horizontal outline, the principal lines of the work, 
fronting the heights, should receive a direction as nearly 
parallel as practicable to that of the commanding crests. 

When the outline of the crests presents a nearly continu- 
ous line, bnt one which declines or elopes towards the site 
of the work, the principal lines towards the height shonld 
receive a direction converging towards the point where the 
line of the crests, as seen, if prolonged, would join the site. 

The reasons for tiie positions assigned to tiie principal 
lines in these eases respectively, may not, at a first glance, 
be obvious ; but by examining the relative positions of the 
crests of the heights and of tiie principal lines, as here laid 
down, it will without difficulty be seen that they can be 
brought in the same plane, and the latter be so placed as 
to give a nearly uniform command to the parapets of the 
principal lines over the site ; and that by keeping the terre- 
pleins of these lines in planes parallel to the one in which 
the crests of the heights and those of the parapets are held, 
and at suitable levels below it, the parapets will be made 
to cover the terre-pleins from the fire of the heights in the 
simplest manner. 

223. Remarks. The foregoing general methods for de- 
tennining the direction of the principal lines fronting »om- 
manding heights, so as to cover from direct fire, in the easi- 
est manner, by their parapets, the space to the rear occupied 
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by the troops and jnaUriel, present, at the same time, the 
simplest cases of the adaptation of the plan of a work to the 
featnres of the locality, to subserve tlie object in view. In 
most cases, all that can be done is to avoid giving such 
directions to any of the principal lines, as. shall be favorable 
to enfilading or reverse views of the enemy ; which may be 
effected by so placing them that their prolongations siiall 
fall on points where the enemy cannot establish his works ; 
or on those which, if occupied by him, will afford disad- 
vantageous positions for his batteries either for enfilading 
or reverse fires. 

As the attack derives its great advantage from its envel- 
oping position, by whicli enfilading views and a concen- 
trated fire can he brought to bear on the assailed point, 
80, in the general disposition of his defefices, the engi- 
neer should endeavor to reduce these salient and assaila- 
ble points to the fewest number, and to accumulate upon 
them such surplus strength that in spite of their natural 
weakness they will cost the assailant a great deal of time 
and a large sacrifice of means to get possession. 

This consideration has led engineers to propose for the 
general outline of their defensive polygon a triangle in which 
the principal development of their work being a number 
of fronts on a right line, they can neither be enveloped nor 
their principal lines be enfiladed by the assailant's trenches, 
thus leaving only the three angulai- points as assailable, and 
which they propose to sti'engthen by an accumulation of 
works upon them. 

"Were the engineer untrammelled in all cases by other con- 
siderati<ins, this method might do very well. But this is far 
from being the case. All tliat he can therefore do in plan- 
ning his work is to keep this consideration in view, throw- 
ing as many fronts as he can on the same right line; making 
the angles of liie general polygon as open as possible, so as 
to force the assailant to a great development of his works 
to gain a concentrated and enfiladingfire on them ; placing 
these angles on points of difficult access to the assaila^it; 
and by taking advantage of such natural obstacles as watet 
and rock, to give additional strength to these points; The 
skill and judgment of tlie engineer ate here his main reli- 
ance in adapting his details to these general principles. 
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defilkm>:nt of permanent works. 

224. Remarks. The greater importance of so adapting 
the plan and command of permanent works to the features 
of irregular sites as to satisfy the conditions of sweeping 
thoroughly by their fire all approaches, exterior to ilie de- 
fences, and completely fianking the latter, seldom places it 
in the power of the engineer to fulfil the condition of with- 
drawing the interior of the defences from either enfilading 
or reverse views by a modification of either the plan or the 
command. 

To mask therefore the terre-pleins which would be ex- 
posed to these fires, as well as from such as would be attain- 
ed by a plunging fire in front, resort must be had to the 
usual expedients of deiilement; that is, giving to the terre- 
pleins snch positions with respect to their parapets, that the 
troops and inateriei upon them will be screened from a 
plunging fire in front by the parapets ; and when the terre- 
pleins are exposed to either enfilading or reverse views, by 
so placing earthen traverses or other masks as to intercept 
these views, and cover the troops, &c., from the enemy's 
prqiectilee. 

The deiilement of permanent works, like that of field 
works, proposes the same end, and employs nearly the same 
means. They difier mainly in their practical details; the 
latter being reduced to a simple practical operation on the 
field, whilst the former, from the usnally greater complex- 
ity of the arrangements of permanent defences, requires 
the aid of mathematical methods, and demands results of 
extreme accuracy, 

225. For the solution of all problems of the defilement 
of permanent works, the engineer requires : 

1 The limit exterior to the defences beyond which the 
effect of the enemy's fire may be regarded as so uncertain 
as to be neglected. 

2. The presumed positions within this limit that the 
enemy may take up to bring his artillery to bear upon the 
works. 

3. An accurate topographical map of all the ground 
within the above limits, as given by its horizontal curves 
referred to a plane of comparison. 

4. The magistrals and interior crests of the works, as 
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either definitely or proximately arranged, referred to t!io 
same plane. 

226. The limits beyond whicli the enemy's fire, from 
the usual smooth bore siege guns, may be disregarded, 
owing to the uncertainty of long ranges, are 1500 yards, 
■where the work ia exposed only to a direct, or front fire, 
and 3000 yards when open to a reverse fire. For rifled 
guns, which will hereafter be used in all siege operations, 
Uiese limits should embrace all the exterior ground witliiu 
the accurate range of the lieaviest guns of this class. 
"When the terre-pleins, therefore, ai'e covered, either by their 
parapets or other means, from batteries at these distances, 
they may be considered as offering shelters sufficiently se- 
cure for the troops, &c., upon them, 

227. It may happen that there are points beyond these 
limits, but within the extreme range of siege guns, which, 
from their positions, it would not be safe to disregard ; but 
these will form exceptional cases, and, when they occur, 
will be treated in the same manner as those within the 
limits. 

Tlie surface of the site embraced within the exterior 
limits and the line of defences may be divided into three 
zones ; one lying between the limits and the position of the 
first parallel of the attack ; the second between the posi- 
tions of the first and second parallels ; the third between 
the positions of the second and third parallels. 

In any position that the assailant can take up for his bat- 
teries, within the first zone, it is usually estimated that he will 
not throw up any parapet with a greater command than 10 
feet over the gi-ound on which it is placed. Granting this, 
the muzzles of his guns, behind the parapets, will not be 
raised higher than 6 feet above tlie natural surface ; so that 
assuming the surface of this first zone to be raised to 6 feet 
above its true positon, this may be regarded as the limit, 
vertically, witlim which the assailant's lines of fire will bo 
restricted ; and therefore if the interior of the defences is 
covered fram the fire within this limit, the troops, &c., will 
be secure. 

That the assailant will not in all likelihood elevate his 
guns above this limit will seem probable, when it is taken 
mto consideration that any advantage he might derive from 
doing so would not be commensurate to the labor it would 
cost Tiim. For, suppose the enemy to have taken up a posi- 
tion for an enfilading battery, at 1000 yards from anysalient, 
to enfilade one of its faces of the lengtli of 100 yards ; and 
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that he sliould decide upon raising liis guns 3 feet, or one 
yard above the limit J!i8t laid down ; a simple proportion 
will show that by tins increase in the height of his 
battery he will be able to attain a point at the farther end 
of the face only 3.6 inches lower than he would have done 
in the position of tlie assigned limit, an advantage 
winch, considering the uncertainty of the lire at the a^iini- 
ed ranges, would hardly compensate the additional labor 
of giving to his works the additional command. 

228. In the zone between the first and second parallels 
the limit maybe rednced to 4J feet ; forat this distance from 
the defences their tire is so destructive and certain that the 
enemy cannot, without great loss of life and time, raise the 
parapet of liie batteries nigher than 8 feet above the natu- 
ral surface. 

229. From the third zone the mueltetry of the enemy 
may be brought to bear upon the defences ; and from this 
position, during sorties from the defences, or at any other 
opportune moment when their fire is not active, the enemy 
might mount on tlie parapet of his trenches, and from there 
deliver his fire. This would bring his line of fire about 10 
feet above the natural surface. The limit, vertically, of 
this zone may therefore be assumed' at 10 feet above the 
natural surface. 

230. Taking, for the purpose of illustration, the ranges 
of smooth boj-e guns, the limits of the dangerous ground 
exterior to the line of defences may be marked otf on the 
topographical map of the site (PI, Vll., Fig. 1), by draw- 
ing lines eoncentnc with the line connecting the most ad- 
vanced salients of the defences, and at the respective dis- 
tances from it of 1500 or 2000 yards (as the fire may be 
bronght to bear on the front or rear), 600 yards, 300 
yards, and 60 yards; and then, considering the references 
of the IxoriKontal curves of tlie ground, within the zones 
thus marked ofi', to be increased 6 feet in the first, 4^ feet 
in the second, and 10 feet in the third. 

231. In the defilement of each part separately of the 
line of defences, those portions alone of these zones should 
be regarded as dangerous which are embraced within arcs, 
or other lines drawn at the foregoing distances from the 
salients, or the faces of the part to be defiled. 

It may also happen that, within the limits of dangerous 
ground lor one portion of the line of defences, there may 
he other portions which, fi-oni their position, may mask the 
portion to be defiled from all the djuigciroiis points beyond 
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them ; in wliieh ease the points thns shut off need not bo 
retrarded, in etfecting tlio operationB of defilenient. 

It', for example (PI VII., Fig. 1), tlie limits of dangerona 
ground for the demi-kine, a, being marked off, it is found 
that the demi-lune b masks the demi-line A from all fire 
that might come from the ground beyond b ; then this 
portion of the zones of danger need not be regarded in 
defiling a. 

To ascertain this p<5int it will be only necessary to con- 
ceive a right line to be so moved ae to rest in each of its 
positions upon a point of the interior crest of a and on the 
one of B ; and if this line, in all its positions, passes above the 
surface of the dangerous zones beyond b, then b will sei"ve 
as a mask for a. 

232. AH masonry ehonld be covered by earthen masks 
from tlie direct view of the heaviest guns within the range 
at which their fire would prove destructive against it. 

233. In the defilement of works of limited interior capa- 
city, as, for example, the redoit of the reentering place-of- 
arms, the double caponni^re, and the like, which are, more- 
over, not habitually occupied by troops, the extreme limits 
may be reduced. 

234. Within the limits of the zones of danger, positionB 
may be found for front, for reverse, and for enfilading fire. 

It' the two faces, for example, of a work be prolonged to 
intei-sect the extreme limit of dangerous ground, the sector 
which they embrace may be termed the litniia of direct 
<sx front fire : since, from every position that can be taken 
np within tnis sector, a direct fire alone can be brought 
to bear upon the two faces. 

The two sectors which lie adjacent to this maybe termed 
the limits of lateral, or reverse fire, since they afford posi- 
tions from wliich a reverse fire can be obtained against one 
of the faces, and a front fire upon the other. It is also only 
within these last limits that positions for enfilading the 
teiTe-pleins of the faces can be obtained. 

235. Bemarks. The problems of defilement which pre- 
sent themselves for solution may embrace one or more of 
these cases in any example ; depending upon the relative 
positions of the interior crest of the work to be defiled, and 
of the dangerous ground embraced within the foregoing 
limits. 

In the case of direct fire alone, the terre-pleins can be 
screened by their parapets. In that of a reverse fire on one 
face alone, its terre-piein, in some cases, may be screened 
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by a suitable position given to the parapet of the otlier. 
Where both are exposea to tSiis fire, ooe or more traverseB 
must be resorted to as a screen. Against an enfilading fire 
on one face alone, a portion of the parapet of tlie other, 
near the salient, may be a gufiicient protection in some 
cases; but, for the most part, traverses, placed acriMs the 
terre-plein, will bo the only remedy. 



OF DEFILEMENT. 

236. It does not come within the scope of this snmmary 
to examine the many cases of defilement which may arise 
from irregularities in the site. Those alone will be discussed 
which are of most ordinary occurrence, aud which require 
for their solution the usual geometrical constructions in- 
volved in tangent and secant planes and other surfaces to a 
surface defined by the projection of its horizontal curves. 
The cases which will here find tlieir application may be 
arranged under two heads : 

1. Tlie plan and command of a work being definitely 
decided apon, to ascertain the exact portions of the zones 
of danger, from which any description of fire can be brought 
to bear upon its ten-e-pleins, and to defile them from it. 

2. The plan of a work being definitely fixed, but its com- 
mand only approximately vFitnia certain limits, to ascertain 
tlie easiest method of defiling the ten-e-pleins of the work, 
by varying the command, or position of the interior creat, 
within the assigned limits. 

237. (Prob. 1, PI. VII., Flo;. 2.) The command or ^si- 
Hon of the interior Great of the faces of a work beijigjixed, 
to ascertain the datigerotis j>oints on the exterior, and to dejile 
lis terre-plein from these points. 

Let a D, a c, be the projections of the given creat ; and 
the curves (28.0), (29.0), etc., those of the natural surface. 

Prolong outwards to c and d, the faces ; construct the 
scales of declivity of the two lines, a e, a d ; and, from them, 
the scale of declivity, e f, of their plane. 

From the salient, a, supposing an arc to be described with 
a radius of 1500 yards, tne dangerous ground will be in- 
cluded between it and the two faces of the work. 

Now, if the plane of the interior crests, of which e f is the 
scale of declivity, be indefinitely extended, and its intersec- 
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tion with the enrface parallel to the natural surface and 6 
feet above it be found, it is evident that the portion of this 
raised surface which lies below the plane may be disre- 
garded, as no fire from it can have a plunge upon the inte- 
rior of the work. But, from every point of the suiface above 
the plane, a plunging fire can be brought to bear on the 
terre-plein. 

Having drawn the horizontals of the plane, e f, and found 
their intersections with the corresponding horizontals of the 
raised surface (which last will be given by adding 6 feet or 
two yards to the references of the curves of the ground), of 
which X y z is the projection, that portion of the surface 
which lies above this curve will alone hare a plunging fire 
upon the work, and will be the only portion for which de- 
filement will be necessary. 

Now, as this intersection falls entirely within the angle, 
d a e, of the faces prolonged, or within the limits of front 
fire, it is evident that the terre-pleins will require to be 
defiled only from direct fire. 

To effect this, let a plane be passed through the faco, bad, 
of the work, and tangent to the raised sm-face above x y z. 
This plane will pass above all the dangerous ground, ex- 
cept at its point of contact with it ; and, being extended 
back from the face within the work, it is clear, if the terre- 
plein of tliis face be bo taken with respect to this plane that 
no point of it shall be less than 8 feet below the plane, that 
then every point of the terre-plein will be screened from a 
plunging firo by the pai'apet of the face a b. Now, if the 
same series of operations be gone through with for the face, 
c a e, then will its terre-plein be defiled in like manner; 
and thus the defilement of the whole work be completed 
for this case. 

The tangent planes which satisfy the above conditions are 
termed Planes of Direet Defilement ; and they may be de- 
fined as the planes which, passed through the interior crest 
{^ a parapet, leave at least Qfeet below them, all the danger- 
ous ground of front fi/re, ana pass at least ^feet above every 
point of the terrepleiniehind the parapet. 

The terre-pleine are usually parallel to their respective 
planes of direct defilement and 8 feet below them. But 
when the declivity of the plane of defilement exceeds ji^, 
then the teiTe-plein, if it is to receive cannon, must be kept 
within this limit. 

In the Fig. 2, the references are put down in yards. Tlie 
tangent plane through b a d is determined in Uie usual man- 
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ner, bj finding the horizontal (io this case 30,0), among all 
those drawn to the curves of the raised surface, which makes 
the miniiuum angle with b d. The line, h i, perpendienlar 
to this horizontal, is tlie scale of declivity of thipplane ; and 
the point, p, that of contact. The line, k 1, is, in like man- 
ner, the scale of declivitjof the other plane, and o its point 
of contact. 

It might happen, from the steepness of the terre-pleiiis, 
that the reentering or gutter formed at their intersection 
wonld be inconvenient, and it would therefore be desirable 
to have this position raised, when it can be done without 
exposure to a plunging fire. 

This, in most cases, may be effected in this way. It will 
be seen, from an inspection of the Fig. 2, that the points o 
and p are the only ones from wliich the enemy's fire passes 
exactly at 8 feet above all the points of the respective terre- 
pleins determined by the tangent planes ; and that if, from 
these points, lines of fire, oar and p a s, be drawn, every 
other line of fire through a, from the ground in the angle, 
p a o, will pass more than S feet above the portion of the 
terre-pleins embraced in the angle, s a r, since the ground 
within the exterior angle lies below the tangent planes. 

If, then, a be taken as the vertex of a cone, the elements 
of which are tangent to the raised surface within ihe angle, 
p a 0, and if these elements be prolonged within the work, 
their prolongation will form a cone of lines of fire, which 
will pass more than 8 feet above the terre-pleins. If these 
last, theretbre, be connected by a surface parallel to this 
cone, and 8 feet below it, this surface may be taken as the 
portion of the terre-plein which, connecting the two plane 
portions, will remedy the inconvenience pointed out. 

238. (Prob. 2, Fig. 3). The data hmjig the same as in 
the preceding case, and the worJc heing erased io hoth direct 
and reverse views, to c&oer its vntei-iorfrom these views. 

Suppose the plane of the inteiior crest of the faces ex- 
tended within the limits, and its intersection with the dan- 
gerous ground determined as in the preceding ease ; and 
let X y z, m n o, and p q r, be the curves of this intersection. 

The face a b will be exposed to direct firo alone from tlie 
ground above the two carves x y z and m n o ; and to re- 
verse fire from that above the curve p q r. In like man- 
ner, the face a c will be exposed to direct lire from x y z 
and p q r, and to reverse fire from m n o, 

Tlie defilement of each face from the direct fire will be 
d precisely in the same way as in the preceding Prob, 
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Tlie lines h i and k 1 are the scales of declivity of the planes 
of direct delilement of the faces respectively. 

For the reverse defilement, a planeis passed through ab, 
tangent to the surface above p q r ; and one through a c, 
tangent to the surface above m n o, and their line of inter- 
section a a' fonnd. The line u v is the scale of dechvity of 
one of these planes, termed a Plans of Reverse Defilement 
and s t that of the other. 

Now, if a traverse is so placed that its crest shall 
occupy the position of the line a, a', it will cover all be- 
tween it and the two faces, as high as the interior crests, 
from the reverse fire on each side. But as it is desirable 
to have the troops, when on the banquettes, screened from 
this fire, the crest of the traverse should be raised from 
18 inches to 2 feet above the line a a' to effect this. 

Tlie traverse should extend so far towards the gorge of 
the work that the entire line of each face shall be covered 
by it. To determine its length with this condition, lines 
are drawn from the extreme point b and c of the faces, 
tangent to tiie curves m n o and p q r, and their points of 
intei-section with a a' marked; the one that fails farthest 
from the saHent will evidently give the requii-ed length. 

If the line a a' should fall so near eitlier of the faces 
that the traveree, if placed along it, would incommode the 
service of that part of the work, it will be best to place its 
crest in the vertical plane a a" of the capital of the work. 
When so placed, the intereection of this vertical plane with 
each of the planes of reverse defilement must be found, and 
the crest of the traverse be taken 18 inches above the one 
Uiat lies highest 

239. The position of the crest of the traverse, as deter- 
mined by either of the preceding methods, wiil be in a 
vertical plane passing through tlie salient, a, of the work. 

From the thickness and slopes which traverses usually 
receive, they would ordinarily, if placed in this position, 
take up ail the interior space witJiin the salient, and leave 
no room there for dispositions either for artillery or muE- 
ketry. To prevent this, a break is made in the direction 
of tne crest, at some point on the vertical plane througli 
the salient, from which it is directed on a point of either 
of the faces, so far from the salient that sufficient room will 
be left tor the object in view. In the (Fig. 4), which illus- 
trates this arrangement, the traverse is withdrawn far 
enough from the salient to leave room for a barbette bat- 
teiy for several guns. 
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The face upon whieli the traverse is directed, will be 
determined by tlie condition of covering both faces in the 
most elective manner, by the position taken for the tra- 
verse. 

240. Tlie cross section of traverses forpennanent works 
IB similar to those used in field works. The top of the tra- 
verse receives a slight slope each way from the crest to the 
sides. The tliickness at top is from V2 to 20 feet to render 
it shot proof. The sides take the natural slope from tlie 
top, either to their intersections with the planes of direct 
defilement or to the ten-e-plein. If, to gain interior space, 
these slopes are terminated at the pianos of direct defile- 
ment, then the portions of the travei-se below these planes 
are made moreeteep, and the earth supported by retaining 
walls. The top of the traverse, where it joins the parapet, 
being higher than the siiperior slope, is run oat above this 
slope, upon which the side slopes fall ; its extremity ter- 
minates in the plane of the exterior slope, extended above 
the exterior crest. 

241. Traverses may be arranged for bomb-proof eheltera 
and musketry defence, by throwing a bomb-proof arcb be- 
tween the side retaining walls, and piercing the wall bearing 
on the portion of the terre-plein which will first fall into the 
assailant's power with loop-holes, 

242. When, from any circnmstanee, a single traveree 
cannot be used for reverse defilement, resort ranst be had 
to several, which should be so combined that no line of fire 
can penetrate between their extremities to attain any point 
which tliey should cover. The examples of like comoina- 
tions, given in Noizet's method, will readily suggest the 
manner of making others ; of which farther illustration will 
be foand in the following case. 

Where a demi-lune is arranged with a r^diiit, a traverse 
placed in its salient cannot be extended farther back than 
the counterscarp of the r^duit ; and an open space, there- 
fore, will be left at the ditch, through which a revei-se iire 
would attain that portion of eitlierface which is not covered 
either by the traverse in the salient, or by the parapet of 
the rcduit. 

To cover the part thus exposed, it will be necessary to 
place one or more traverses, which, in combination with 
the one in the salient, and the parapet of the redoubt, shall 
subserve this end. 

To simplify the case, let the face a c, PI. VII., Fig 5, be the 
one exposed, and let the point x be one tlie fire of which is 
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most dangerous. Having, in the first place, arranged the 
traverse, t, as in the last example, and drawn the two lines 
of fire X b and x d, from the point, x, through the extremity 
of the traverse, and the top of the parapet of the redoubt at 
tlie salient, the length, b d, of the face intercepted between 
these lines will be the part to be covered. If a second tra- 
verse, t', be placed across the terre-plein of the other face of 
the demi-lane, and in a position such that one of its ends 
shall rest on x b, and the other on s d, it will evidently cover 
the portion bd. 

243, In selecting the positions of several combined tra- 
verses, attention must be given to avoid those where, if one 
be placed, the assailant would find shelter behind it from 
the tire in the rear. In the example just taken, the slope of 
t, towards the salient, should be swept by the Are from the 
rear, through the reduit ditch ; the lite slope of t' should 
be swept by a portion of the r^dnit face near its salient; 
and neither so fall as to have the space behind it masked 
from fire by the one to its rear. 

244. Eemarks. Traverses usually present not only the 
easiest solution of all problems of reveree and enfilading 
defilement, but aifording the means of rendering the com- 
mand independent of fire from without, they enable the en- 
gineer to regulate this element solely with a view to the 
effect wliich he desires to attain by his own fire. 

From the space required for their erection, travei-ses may, 
as in the cases of narrow terre-pleins, like those of the 
covered-ways, and of the demi-lune with a redoubt, be in- 
convenient, both from embarrassing the com muni cations, 
and from taking up ground that may bo wanted for bat- 
teries. 

945. (Prob. 3.) The plan of a hastion hdng d^iiiively 
Jlxed, and one point of its command approxwiately-, to defie 
the work in the most advantageous manner, hy shifting the 
position of its interior crest within certain limits. 

Let Fig. 6 be the plan of the work, and a, the salient, the 
command of which can be varied within certain limits, with- 
out impairing any of the other conditions ; and let the dan- 
gerous ground be embraced within the arc m n, at 1500 
yards from a, and the lines a n and a v supposed drawn 
from a, through covering masses on the rignt and left of 
the work. 

The front limits of defilement in this case are embraced 
■within the sector man; and the lateral limits within the 
other two m a u and n a v. Now, the most favorable case 
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of defilement here will be that where a plane, containing a, 
taken within its extromo positions, shall pass above all the 
exterior ground, and give such a command to the interior 
crest throughout, when held in it, as shall satisfy the other 
conditions of defence. To ascertain the existence of such a 
plane, let a be taken as tlie vertex of a cone which envelops 
all the dangerous ground ; any plane tangent to this cone 
will satisfy the condition of detilement, and it will, there- 
fore, only be necessary to find whether any one of these 
planes of defilement will satisfy the other, of giving the 
points b, c, d, and e, asuitable command. If no such plane 
can be obtained, the next most favorable case will be to find 
one that shall satisfy all the requisite conditions of com- 
mand, and intersect the ground only within the front limits. 
In this case it is clear, i'rom the position of this plane, if the 
interior crests are held in it, that the interior of the work 
will be exposed only to the direct fire from that portion of 
the ground which lies above the plane. 

Let X y z be the curve of intersection of the plane with 
the ground, found in the usual way. Through the faces a b 
and a d, let planes of direct defilement be passed ; the terre- 

Elein of the faces being held parallel to them will be covered 
y their respective parapefs from all plunging fire. But, in 
order that the planes of defilement of the faces shall also 
defile the fianks, it is necessary that each flank be placed in 
the plane of defilement of the adjacent face, and its terre- 
plein in that of the terre-plein of the face. Now, in giving 
the interior crests of the flanks these new positions, they 
will lie below the plane that contains the curve, ^ j z, and 
in which the interior crests of the faces lie. This being the 
case, it may happen that the parapet of one of the flanks 
will not cover the opposite face from reveree fire, coming 
from the lateral limits opposite the flank. In this contin- 
gency, it will be necessary, in order to cover tiie face, to 
place the flank in the plane of the curve, x y z, as this 
plane defiles from the lateral limits ; but, in doing this, the 
flank, d e, for example, will bo exposed, in its turn, to the 
ground above x y z ; and to cover it, the only remedy is to 
erect a traverse, at some suitable point, which shall inter- 
cept all this dangerous fire. The least inconvenient position 
for the traveree will usually be at the shoulder angle. From 
this point, it nmst extend so far back as to intercept all fire 
from above x y z, both on tiie terre-pleins of the flank and 
curtain, where they unite,, and be high enough to screen 
the troops on the banquette. 
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If the defilement cannot be effected by either of these 
proceBBBB, there remains no other means than, having first 
definitely fixed the command, to divide the bastion by a 
traverse, either along its capita!, or eome other convenient 
direction, and, having given it a suitable height, to cover 
each portion from direct fire by the usual method. 

246. The foregoing problems embrace in tlieir solution 
all of the more ordinary cases of defilement, and suggest 
the route to be followed in treating others. 

In all cases of the defilement of combined works, like the 
enceinte and its outworks, etc., it must be borne in mind 
tiiat the advanced works, which, from their position, must 
first fall into the assailant's power, become thus a portion 
of the dangerous ground for the works more retired, and 
which must also be held after the fall of the others. The 
retired works, under such circumstances, must be defiled 
from the advanced ; their planes of defilement being made 
to pass from 3 feet to 4.5 feet above the portion of the ad- 
vanced work on which it is presumed the assailant may 
make a lodgment, and which, from its position, may be re- 
garded as the most dangerous to the retired work. 

It is according to this rule that the r6duit of the reentering 
place-ot-arms is defiled from the parapets of the two adja- 
cent demi-hmes; its plane of defilement extended outwards, 
passing at 3 feet above the salients of these works. 

The tenaille, in like manner, is defiled from the upper 
ten-e plein of the demi-lune r6duit, as the tenaille must be 
held after the enemy has established himself on this terre- 
plein. For like reasons, the more retired portions of the 
covered-ways are defiled from the enemy's lodgments on 
the glacis of the demi-lune salient place-ot^i-ms. 

247. Where a work has considerable command, and is 
open at the gorge, like the cavalier retrenchments, for ex- 
ample, and the works in its rear do not mask its interior 
from revei'se fire, it may be necessary to place the traverse, 
tei-med a.parados, across its terre-plein at the gorge, giving 
it sufiicieTit ]ieight to subserve the end in view. 

248. General Remarks. The methods of defilement 
here laid down are those now followed by engineei-s. They 
unite mathematical accuracy in results witli great simpli- 
city of detail ; and render the defilement altogether seeou- 
dary to the other conditions of defence, upon which tlie 
plan and command are made essentially to cfepend. 

Before they were adopted, the results of the method then 

followed were, in most respects, like those obtained in the 

10 
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practical operations for defiling field works. A line was 
taken, the position of which was determined by a series of 
trials, having for their object to obtain the most satisfactory 
results both as to the economy of the requisite embank- 
ments and the best disposition of command of the various 
parts at, or in tlie rear of, the gorge of tlie work to be de- 
nied ; this position coinciding with the natural surface, or 
being above or beneatli it as the case required. Through 
this line a plane was passed tangent to the dangerous ground, 
Tiiis plane, termed, as in field defilement, a Rmnpant 
Plane, was taken as the artificial site of the work, in refer- 
ence to which the relative command of all the parts was 
arranged as upon a horizontal site. Or, in other words, the 
result was nearly the same as if the works had been arranged 
on a horizontal site, and tlien the whole combination 
turned around some fixed line of this site, until it was 
brought into the position of the required rampant plane. 
The defects of this method are evident at a glance. It pre- 
serves the relations of defence of the various works the 
same as in a horizontal site ; but it, to a great extent, 
leaves ont of consideration the bearing of the command on 
the exterior ground, and, in many cases, may lead to ex- 
cessive excavations and embankments which the methods 
now followed enable the engineer, for the most part, to 
avoid. 

In the preceding discussions it will be observed that the 
limits of defilement, horisontally, have been based upon 
the range and presumed accuracy of fire of artillery and 
sraall-arms before the changes which, within a few years 
back, have taken place in both tlteee particulars, and which 
— from the zeal and intelligence with which experiments 
are now being carried on in every part of the civilized world, 
on the forma of cannon and projectiles and the quality of 
powder — will, in all probability, be extended and lead to 
still more remarkable results. These improvements, how- 
ever, will have no other effect upon the rules and modes 
of defilement now iu use than to change the limits korison- 
taJly, to correspond with the increased ranges of projectiles. 
So far as an improvement in the accuracy of fire is con- 
cerned, it will render a strict defilement ol all parts of the 
interior of a work more imperative, and will lead engineers 
to resort to every means by which the troops and materid 
can be hidden from an assailants view within the extreme 
range of projectiles. As to thev&rtical limits, there would 
seem to be no good reason for changing those now estab- 
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lished. When it is also taken into conBideration that the 
relative command of heights docreasea with their distance 
from the work defiled, and also that the accaracy of aim is 
greatly affected by the same eanee, it is questionable whe- 
ther any marked extension of the limits hitherto laid down 
will be necessary except in special cases of locality of pro- 
minent natural features. 

Considering that the trajectones of the projectiles are 
more or less curved lines, depending upon the angles of 
elevation nnder which they are Hred, and the distance from 
which they are thrown, it is obvious that when the dis- 
tances or the angles of elevation are at all considerable, 
the projectiles, in the descending branch of their flight, 
will approach more or lees a vertical line ; and that even 
in striking the interior crest of a parapet or traverse, they 
will land on the terre-plein behind, but at a short distance 
from it. 

Defilement from such fire can therefore be only a pallia- 
tive, screening the interior of the work only from sight ; 
etill, even this advantage should be sought for whenever it 
can he had at not too great a cost. 

It is chiefly in the near defence, where the trajectories 
approach more nearly to right lines, that defilement sub- 
serves more completely its piirpose of screening from fire 
the interior of the work. 
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CHAPTER VII. 

ACCmSSORY MBAHS OF DEFEHCS. 

Water as an acceHsory (Art. 349). — Marshy ailca (Art, 250).— Artiflcial inunda- 
tions (Art. 251).— Water applied as an aclive means of defenee (Art 252). 
— Natural and artificial Ijeds or rock a» an aocessoTy (Art. 253).— Stumps 
of trees aa an obstruction (Art. 254). — Mines ss Bn acceseorf {Art 2S6). 



I. 

249. Water may he made a very important accessory 
means of defence in many localities — as in a flat, marshy 
country, where the level of the natural snrface lies but at 
a slight eleration above the water-level ; or ae, in the case 
of an undulating surface, where small streams, running 
through valleys, can be dammed back, so as to produce an 
inundation of some extent. 

250. In the former case, the defensive works can be 
easily girdled by a zone of marshy ground, which will give 
an assailant gi-eat trouble to construct his trendies and 
other sjege-works upon, whilst the work itself can be se- 
cured from attempts at surprise, by keeping its ditches filled 
with water to the depth of six feet at least. In such a 
locality — moreover, it in a climaEe where the winters are 
mild — revetted scarps and counterscarps, the chief use of 
which is to prevent an attempt at open assault, may be re- 
placed by earthen ones, a strong stockade being formed 
along a wide berm, answering as a corridor, to give greater 
eecority on the more exposed fronts of the woi-k. 

25L In the latter case, portions of the ground, in the 
immediate vicinity of the works, may be covered by a sheet 
of water, of sufficient depth to prevent their being used by 
the assailant in his approaches; and within the inundation 
thus artificially pn.iduced detached works may be erected, 
which, by taking flank and reverse views over other lines 
■of approach of the eesailant, may force him to make hia 
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approach upon other points which will have been strongly 
fortified to meet this condition of thinge. 

To form these artificial inundations tne locality must lend 
itself to the conatrnction of dams, in such a position that 
they cannot be reached by the assailant's missiles, and wiil 
be secnre from any other means he may take to destroy 
them. This supposes, then, that the stream should either 
run through the works, so that the dam conid be erected 
within them, or so near to them, that, in combination with 
Bome advanced work, the dam may be made secure. 

In a locality having these features, the inundation would, 
as a general rule, have to be formed on the upstream side 
of the work, since, if made below it, the dam wonld have 
to be placed further from the work, and the inundation 
itself might spread up too far within. Besides these objec- 
tions to this position, an assailant would evidently have 
greater facilities for tapping the inundation and running 
the water off than when it occupies the upstream position. 

The position and extent of the dams, and the other neces- 
sary constructions connected with them, as sluices, waste 
weirs, &c., will depend entirely upon the local features of 
the site, and will tbrm a particnlar study in each case for 
the engineer. 

252. Besides these uses of wafer as a passive obsti'uction, 
arrangements may be made, when the locality is favorable 
to it, for producing a powerful current to sweep away the 
assailant's works in the ditches by letting loose a large body 
of water, which has been dammed back for the purpose, 
with a rush into the ditches. This, in like manner, will 
require the same constructions as in the preceding case, 
and flash gates which can be suddenly turned about a 
horizontal or a vertical axis, so as to give an outlet to the 
water in considerable volume and with great velocity. 
These gates have to be placed in some very secure point of 
the ditches, inaccessible to the assailant and covered from 
his missiles, and, if effectively used, may prove a source of 
great annoyance to him by frequently frustrating his at- 
tempts to make a passage of the ditch. 



253. Solid hard rock, or even thin layers of soft rock 
alteiiiating with layers of soil, as was the ease at Sebasto- 
pol, are great obati-uctions to an assailant's siege works, as 
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the rock has, in many cases, to be blasted out to gain par- 
tial cover, and a large amount of earth, with trench ma- 
terials, has to be brought forward at great risk of life to 
form the parapets. 

In constructing a work, nothing should be omitted 
which, if placed on the line of the assailant's approaches, 
■will delay his operations and force liim to greater efforts 
and exposure. To this end, where fragments of rock can be 
readily had in sufficient quantities, it should be used in 
forming the embankments of the glacis, and also be thrown 
in upon other points, over which important lines of trenches 
must necessarily be run. 

Besides these accessory means of delaying the progress 
of the besiegere' works, a site of solid rock offers the farther 
advantage of giving natoral scarps and counterscarps, where 
the ditches are excavated out of^ the rock, of far greater re- 
sistance to the assailant's means of destruction than any 
masonry, liowever solidly and carefully constructed, caa 
offer ; besides forcing the assailant to construct galleries 
through the rock to attain the level of the bottom of the 
ditch where his passage of it is to be constructed. 

254. "With a similar purpose, the stumps of large trees 
may be left in like positions, and trees may be planted 
when the work is constructed with the object of cutting 
them down and leaving their stumps when the work is 
threatened with a siege. 



III. 

255. Mines, when properly arranged and well played, 
are so important a defensive means that they should con- 
stitute a part of the permanent dispositions of defence of 
every work where the character of the soil will admit of it, 
at least on those points which are otherwise weakest, and 
therefore most liable to be assailed. 

As the general arrangement of a combination of galleries 
and mine chambers, as well as the details for their con- 
struction, has already been given, notliing fm'ther is called 
for here than to state that the principal galleriee of the 
combination should be constructed with the work, and of 
durable materials, leaving the other parts to be done when 
the exigency calling for them may happen. 
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CHAPTER VIII. 



SUitIinAB.T. 

Opinions held by pnnament military aiitimritiea on the necessity offortifiadfron- 
tiera (Art 256). — Remarks on arbitrary aystems of frontier defeiiees (Art. 
251). — Remarks on the organization of tlie frontier defences of the United 
States (Art. 258).— Important points to be forliBed (Art. 259).— Rivera and 
mountain ranges as natural defenaire lines (Art. 260). — Advantages offered 
botli in defensive and offensive operations by fortified points on rivers (Art. 
861). — Points to be for tiffed in mountain rangBs(Art, 382), — Defensive mesna 
adopted for the coasts of the United Stales (Art. 263).— Charaeterof the 
works ceeeasary for sea-coast defences (Art. 264). — Defences for important 
commeroiai marts and naval depota (Art. S6S). — Defences of important exien- 
Bive roadsteads (Art. 266).— Opinions entertained by foreign military author- 
iliea on the fortification in a permanent manner of imporwnt hiland centres 
of population (Art 261). — Fortifications of Parts and Lyons m Prance (Art. 
268).— <ibjectiona to IheadoptJonotEuropean praetioe forthe defences of 
the large cities of the United Statea (Art 269). 

256. No state, in the present condition of civilization, can 
be regarded as secure from foreign military aggression, the 
accessible points of whose frontiers ai-e not occupied by 
permanent fortifications of sucli strength as shall prevent 
an enemy from obtaining poseesaion of them by a sudden 
assault, and thus procuring the means of penetrating into 
the iuteiior. Gnided by the experience of centuries of 
ware, and the daily increasing facilities which the improve- 
ment in the materiel of ai-mies and their transportation 
afford for rapid and powerful offensive operations, the ruling 
states of Continental Europe have, within the last half 
century, not only made every effort to place their fron- 
tiers in an nnassailable condition, but also their great cen- 
tres of population and wealth in the interior, beyond the 
chances of a sadden attaclc from an enemy who might force 
his way through the frontier defences and march rapidly 
upon them, thus making these positions the rallying-points 
where a defeated army can find a safe resting-place until it 
can be reorganized and sufficiently strengthened to resume 
the offensive. 
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Such seems to he tlic reeult at which the generals and 
Btateemen of Eitrope have arrived, after the most mature 
and careful cOHsideratioii of the important problem of na- 
tional defence; at a time when tkcutUH^qf^^Trtanentfor- 
illations was seriously called in question, by some who 
pointed, in support of their views, to the very inefiicient 
part tlie great number of fortified places had played in the 
ware waged by Ifapoleon, when by means of overwhelming 
numbers in the field, he was enabled to disregard such 
places, the garrisons of which were too feeble to make any 
efficient offensive movements, nntil the defeat of hfs adver- 
sary, in one or more great pitched battles, necessarily also 
threw them into his possession. 

In view of the arguments based on these events, the opi- 
nions of Napoleon himself should carry great weight. In 
speaking of the bearing of permanent fortifications in a defen- 
sive war, he says : " If fortresses can neither secure a victory, 
nor arrest the progress of a conquering enemy, they can at 
least retard it, ana thus give to the defensive the means of 
gaining time — a most important advantage in all wai-fare." 
In like manner the A]'chduke Charles of Austi-ia, who 
showed himself one of the ablest advei-saries with whom 
Napoleon was called upon to cope, takes the ground : "That 
a defensive warfare cannot be systematically and success- 
fully carried on in a country which is not provided with 
fortresses that have been planned and distributed according 
to strategical requirements." Like views were held by the 
Duke of Wellington ; and it is probable that no great gene- 
ral, from the earliest period of military operations down to 
thepresent momenf, has ever entertained the contrary. 

Without going further back than the two great contests 
which have taken place in Europe during the last few years, 
we gather the strongest testimony to the sonndness of these 
views. We find, on the one side, the efibi'ts of powerful 
Kussian forces paralysed by the obstinate defence of a few 
weak fortresses, and, in some cases, of simple field works, by 
the Turks ; on the other, the gigantic armaments, by sea 
and land, of France and England combined, held at bay in 
the East and in the Black Sea; and more lately the career 
of France arrested in the very flush of victory by the time 
which it must necessarily have cost her to break down the 
barriers which Austria had placed in her way in the strong- 
holds of Northern Italy. The only qneetion then on this 
subject that remains for solntion by a state is in what way 
such a means of security from aggi'ession can be best 
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adapted to its own gcogi-apliical, political, and military 
Btatiis. 

257. Military engineers, and other writers on this branch 
of the military art, have proposed Byetems of defensive lines 
for retarding an assailant at the frontier, of a more or lees 
compile atea character ; the point aimed at in all cases being 
to make the works of each line of sufficient strength to defy 
an open assault even when their garrisons are reduced to 
their least number, and to combine this obstacle with the 
active effort of an army holding the open field, and man- 
ceuvring in connection with the fortified points, to threaten 
the flanks and rear of an invading force that might attempt 
to force its way through the defensive lines wiuioat carry- 
ing some of the works by a siege. 

Although hypothetical cases of this character do very 
well to hang an argument upon, they are of little practical 
use, as the points that must necessarily be fortified will be 
those which lie upon the main avenues of access to the in- 
terior from the n-ontier; as upon these also must lie the 
principal centres of population from the frontier to the in- 
terior. The problem in each case will be therefore a 
special one, and must be treated upon its own data. 

258. In a country like our own, witli so vast an extent of 
sea-coast and inland frontier, and with political and social 
institutions which are so antagonistic to every approach to 
a large standing army as a measure of national safety, this 
question is one of peculiar importance, both from the open 
character of this extensive frontier, and from the almost 
incredible facility with which, as shown in the late struggle 
in Europe, and m the contests in China and India, consi- 
derable armies, with all their maUt'iel, can be concentrated 
on distant points by the aid of steam. Tlie weakness of our 
immediate neighbors on the one side, and the daily increas- 
ing mutual commercial interests between us and the greatest 
naval power in the world, by which we might be seriously 
threatened both along our seaboard and our extensive line 
of inland frontier, it is true, would seem to favor the hope 
that the day is still remote, and, from present appearances, 
may never arrive, in which our country will have to appre- 
hend anything in theshapeof invasion except along the sea- 
coast ; and we may, therefore, dismiss from our considera- 
tion any other provision against this eventuality (which, 
should it happen, looking to our resources in men and 
means, will hardly extend inland beyond a few marches), 
except what we have already attempted — viz. the securing 
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of our principal harbors, naval stations, and commercial 
marts from a naval attack, or from one combined with the 
operations of a land force, which, from the causes above 
alluded to, coald be but of short duration. 

259. In the organization of the inland frontier fortifica- 
tions of a state, Uic points to be principally regarded are 
the principal avenues of access to it. and their topographi- 
cal features as they lend themselves more or less to 
strengthen the artiiicial defences. In conducting an inva- 
sion across an inland frontier, the march of the enemy must 
necessarily be along the roads tliat intersect it, as these 
afford the only means for transporting the mat&riel, etc., of 
the army, Tlie points, therefore, or places in their neigh- 
borhood where the principal roads or other avenues of 
commnnication cross the frontier, particularly those which 
lead to the great centres of popnlation and wealth, are the 
ones which would necessarily call for permanent defences. 
No absolute rule can be laid down for the distribntion and 
strength of such works along a frontier. Everything must 
depend upon the more or less of facility presented to an 
enemy for penetrating at one point rather than another, 
and of the ulterior advantages the one may present to him 
over another. 

260. Rivera and mountain ranges are the natural fortifi- 
cations of states ; and where they form the frontiers they 
greatly facilitate the application of artificial defensive 
means, as tliey present but few, and those in general im- 
portant, points of access. 

AVhen these points on a river are fortified, an invading 
force, however powerful, cannot, without great risk, cross 
the river without first gaining possession of them ; for, even 
should a sufficient detachment be left to observe and 
blockade the fortresses, the main army, in case of retreat 
or any disaster, might be placed in an extremely critical 
position, in its movements to recross the river, witli the 
garrisons of the fortresses threatening its flanks and rear. 

261. In offensive operations fortresses npon a river frontier 
form one of the strongest bases of operations. If a river 
intersects the frontier, the point where it crosses it, or some 
one in its vicinity should be occupied by a permanent 
work ; among such points those are more peculiarly neces- 
sary to be held where a river forming the frontier is inter- 
sected by another navigable one which lies wholly within 
the frontier. 

The importance of thoroughly occupying such points is 
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obvious, aa they afford an army on the defensive the means 
of paseiflg readily and safely from one ^de to the other of 
the river, either to evade a force too powerful for it to copo 
with in the open field, or when an opportunity offers, from 
anyimpnident movement of an invading force on one side, 
to throw itself suddenly from the other on its fiaiik or rear, 
and thns forcing it to a retrograde movement. 

262. With respect to mountain passes, the main roads 
alone will require permanent vcorks. If the passes are in- 
dependent of each other, a work will be necessary for each 
one separately ; bat where several noite at the same point, 
upon or within the frontier, a single work placed upon this 
point will suffice. Local circumstances will determine the 
point in each pass which, occupied, will offer the greatest 
advantage for obstructing the march of an invading force 
and retarding the bringing forward its materiel. The only 
rule that can he given la that, whilst the position selected 
shall satisfy these conditions, there shall he every facility 
of communication between the fortress and the interior for 
receiving supplies and reinforcements. This rule would 
lead generally to the selection of some point of the outlet 
within the frontier as the proper one. 

263. The number of fine natural harboi-s and roadsteads 
on our seaboard, where the largest fleets can find a secui-e 
anchorage at all seasons ; the proximity to the ocean of 
many ol our moat important cities, towns, and populous 
villages, by which thev are not only exposed to the usual 
dangers of naval attacks, but to incursions from an enemy's 
land forces ; together with the large rivers which, having 
tlieir outlets on this seaboard trontier, are navigable for 
long distances within it by vessels of t!ie greatest burden — 
have given to the snbject of-sea-coafit defences a particular 
prominence among ourselves. 

The means of defence disposable for the security of such 
points consists in permanent Works arranged to meet an 
attack both by sea and land, and of such strength as the 
presumed nature of the attack will demand ; of such tem- 
porary fortiflcations as tlie exigency of the moment may 
point ont ; of movable land forces ; and of floating defences 
to act in aid of the othei-s. 

264. Tiie character of the permanent defences will depend 
upon the object in view. Where this is simply to exclude 
an enemy's fleet from the use of a harbor or roadstead, 
which offers to him no other inducement for its occupation 
but that afforded by a secure anchorage, one or more small 
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works of sufficient strength to prevent the success of an 
open assanlt upon them, armed with heavy niortare and 
guDB with long ranges, that can reach by their fire every 
point where an enemy's ship could safely anchor, will be 
sufficient. 

The points to be occupied by these works, as well as their 
plan, will depend upon the natural features of the harbor 
or roadstead itself. 

Tliey will UBually consist either of open works wiih guns 
in barbette and mortars sweeping all points of approach to 
and within the harbor ; or of a combination of casemated 
and barbette batteries ; the gorge or rear of the works be- 
ing occupied by a casemated tower, of sufficient strength 
and capacity to hold the gan-ison necessary to beat off an 
open assault on the battery by land, and be secui-e from a 

Like defences will also be sufficient for the security of 
the smaller classes of towns and villages which would pro- 
bably offer a temptation only to a small naval force. 

265. In the case of important commercial cities aud large 
nava! depots lying within harbors more or less accessible 
both to sea and land attacks, the character of the defences 
called for must necessarily be commensurate with the magni- 
tude of the interests to be guarded, and the consequent temp- 
tation to an enemy to put forth great efforts for their occupa- 
tion and destruction. 

The avenues of approach to these objects by sea, which 
can be brought within range of cannon and mortal's in for- 
tifications on the shore, or in casemated worlcs erected on 
natural or artificial islands, should be occupied to a distance 
that will prevent a fleet from approaching near enough to 
open a bombardment, and if practicable also force tlie 
enemy, if he ventures a land attack, to disembark his forces 
either at so great a distance from the object to be reached 
that he will not be able, by a sudden movement of this na- 
ture, to effect a surprise ; or to limit his landing to such 
points on the coast as,' from their exposed position, may 
render the cooperation of the naval and land forces very 
uncertain, aud, in case of a storm, place the latter in a very 
perilous condition if attacked. 

These works will form the exterior chain of the defences. 
Within these, batteries either open or casemated, as the 
locality may seem to demand, should occupy all the most 
suitable positions for sweeping tlie path that a fleet must 
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follow by powerful cross, direct, and enfilading fires, and 
for reacliin^ every point of anchorage within the harbor. 

On the land approaches, points should be occupied hj 
forts of a permanent character, which will prevent a siifli- 
ciently near approach to bombard the city or depSt, and, 
in combination with temporary works, will afford an in- 
trenched field of battle for the troops on the defensive. 
These will form the exterior line of the land defences, the 
interior line being either a contimious enceinte of penna- 
nent fortification, which will require a regular siege for its 
reduction, or else a suitable combination of either continn- 
ous or detached field works of such strength and armament 
that tlie enemy, in any attempt to carry them by an open 
assault, will be made to suffer heavily even if he is not 
repulsed. 

The security of objects of this character wijl be greatly 
increased when they lie at some distance within the sea- 
coast frontier, and can only be approached by water 
through such comparatively narrow defiles as even our 
largest rivera present, and by land after one or more marches. 
These defiles will, for the most part, not only present ad- 
mirable positions on their banks, from which an assailant's 
fleet can oe enfiladed within the range of the heaviest guns, 
but frequently others, at points where the river narrows, or 
changes its course, where works occupying the opposite 
bants will give the means of rendering the river impas- 
sable by torpedoes, booms, rafts, or other floating and sunken 
obstructions, which cannot be removed except by getting 
possession of the defences, by which they are guarded, by 
a land attack, 

266. Wherever harbors or bays are of that extent that 
their entrance cannot be interdicted to an enemy's fleet, 
nor secure anchorage within them be prevented, of which 
we ha\-e examples on our own coast, the case falls beyond 
the province of fortification, and must be left to float- 
ing defences for a solution. Here oven some fortified 
liarboi's on the shores of such extensive estuaries may give 
secure places of refuge for ships-of-war, from which Uiey 
may at any moment sally when they can take the enemy at 
a disadvantage, or into which they can retreat if attacked 
by a superior force. 

267, In the great military states of continental Europe, 
the question as to what extent the great centres of popula- 
tion and wealth in the interior should be covered by fortifica- 
tions, has been submitted to the investigation of the ablest 
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engineers and statesmen, from the time of Vauban down to 
the present day. But more particularly since the fall of 
Napoleon, a catastrophe which might not have taken place 
had Paria been secured by fortifications which would have 
prevented a coup-de-main, when the armies of the Allies 
gained possession of it as the result of a pitched battle. 
Whatever ditferences of opinion have been called forth as 
to the mode of aeeompHshtng this object, as sliown in the 
pnblislied views on the proposition to fortify Paris, there 
seems to have been none among those beat qualified to 
decide upon it as to the great importance of so fortifying 
this capital and other large places in the interior, asLyons, 
etc., wnicli from their position must be of the higliest stra- 
tegical value in the case of a snccessfu! invasion by a large 
army, as not only to prevent their wealth and resources 
from falling into the possession of the invading force, but to 
make them safe rally in g-points for beaten and disperaed 
forces, and depots for organizing new armies. 

The plan that has been adopted for this end, both in 
France and in moat of the other cities of Europe whieli 
have been either newly fortified or had their old works 
strengthened within this period, ia to surround the city by 
a continuous enceinte of greater or less strength, but one 
secure from a coup-de-matti, and to occupy with forts of a 
permanent character the most suitable points in advance of 
the enceinte, to prevent an enemy from bombarding the 
city, or penetrating between tliem without first gaining 
possession of them. By this plan, it is proposed to gain all 
the advantages offered by the passive resistance of fortifi- 
cations and the activity of a disposable movable force oecii- 
pying the zone between ihe enceinte and the forts as an 
intrenched camp, upon whicJi the forts with temporary 
works tlirown up between them would render an open 
assault too perilous to be attempted. 

268. Tlie fortifications of Paris consist of a continuous 
bastioned enceinte, without outworks, consisting of a revet- 
ted scarp of the usual height, to secure it from escalade, 
and a ditch witli a connterscarp of earth. The advanced 
forts are either quadrangular or pentagonal bastioned 
works, inclosing all the means of security for their garri- 
sons, as bomb-proofs, etc., their plan being skilfully adapted 
to the site, and their mutual bearing on the defence. Those 
of Lyons present more diversity, both in the plan and de- 
tails of the enceinte and forts ; although the general sys- 
tem is the same as that of Pai'is. There is here seen a 
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more extensive application of caaemated and gallery 
defeiises, both for exterior flanking and the defence of the 
interior forts, growing out of the more bj-oken features of 
the site gencrSly, and frequently the more confined space 
occupied by them. 

In G-ermany the same general syetem of a continuouB 
enceinte, with strong advanced isolated works, has been 
followed; the whole being eo planned and combined as to 
meet the distinctive features of what is known as the Ger- 
man system of fortification. 

269. In our own country, where our largest centres of 
population and wealth lie almost immediately upon the sea- 
board, it would se^tn impracticable, in view of the rapid 
spread of population around them, and the consequent 
cnangefi in local features, to resort to any defences of a per- 
manent character to secure them from a land attack, even 
were the nation willing to assume the burden of the great 
outlay for such an object; as, in a few years, the works of 
to-day might be rendered useless by the changes referred 
to. Even in Europe, the strongest despotic governments 
have been obliged to cede what seemed military exigencies 
to the demands of the social condition ; and either to raze 
the fortifications of cities, to give room to a crowded popu- 
lation, or else to suffer such encroachments on the ground 
necessary for their action as to render them nearly useless. 
The only defensive resource that seems left to ourselves, ia 
like cases, is in the use of iield-works — one which our mili- 
tary experience shows may be relied upon with confidence, 
BO long as the military aptitude of our population remains 
unchanged from what it nas thus far proved itself to be. 
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CHAPTER IX. 



scianiARV. 

FortiCcation as seen in its earliest Stages (Art. 270), — Enclosureaor simple stoae 
walls and towers (Art. 271). — Insufflniency of simple walla and towers 
agaiDSt improved means of offence (Art 372). — Intrortuction of ditches and 
■wide ramparta as defensive features (Art. 273), — EKamples of the great 
Btrengtb and extent of some ancient fortifications (Art 274).— Methods of 
attack used by the Ancienta (Art 2J6V — Defensive measures employed by 
the Ancients (Art 276). — Rise and fall of the art under the Romans (Art 
377), — Progress of the art under the Western Empire (Art S78). — Condi- 
tiou of the nrt under the Feudal System (Art. 979).— Castellated fortifica- 
tions ot the Feudal Period (Art 280).— Fortifications of cities during the 
eama period (Art 281). — Changes in the art occasioned by the invention 
of gunpowder (Art. 282), — First appearance of the liastioned system and 
the changes consequent upon it (Art. 283).- Italian school of enfpneera 
(Art 284),— Spanish school (Art. S85).— Dutch school (Art. 286).— Ger- 
man school (Art 287),— Swedish school (Art 288). — French school (Art 
289)._Method3 and progress of the attack from the invention of gunpow- 
der to the time of Tauban (Art, 290), — Changes and improvements made 
in the methods of attack by Vauban (Art 291). — Remarks on the present 
general condition of the art (Art. 282).- Present condition of the art in the 
United States (Art 2&3). 

r. 

270. The records of hietory and the vestiges of remote 
civilization show that the art of fortification, in some guise 
or another, has been in practice throughout all nations, 
even in the lowest stages of social progress, and that, 
■wherever it has been cultivated, its character has been 
more or less influenced not only by the natural features of 
the conntiy, but by the political and social conditions of 
its inhabitants. 

In its earliest applications, we find men resorting to one 
or more simple erielosnreB of earthen walls; or of these 
snrmounted by stakes placed in juxtaposition ; or of stakes 
alone firmly planted in tlie gronnd, with a strong wattling 
between them ; or of timber in its natural state, naving its 
branches and the undergrowth strongly interlaced to form 
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an impervious obBtriiction, with tortuous paths through it 
only known to the defenders. 

A resoi't to such feeble means shows not only a very low 
state of this branch of the military art, but also of that of 
the attack; ii9 defences of this kind woald present but a 
slight obstacle, except against an enemy whose habitual 
mode of warfare was as cavalry, or of one not yet conver- 
sant with the ordinary plana for scaling. This class of for- 
tifications for tile defence of entire frontier has been 
mostly met with in the east of Europe, and was doubtless, 
at the time, found to be a sufficient protection against those 
nomadic tribes that for ages have roamed over its vast 
plains, and who are only formidable as a mounted force. 

271. Tiie next obvions, and, in humid conntries, neces- 
sary step, was to form walls either of rough blocks of atone 
alone, or of these interlaced with the trnnks of lieavy trees. 
Obstrnctioiis of this kind eoutd only be used to a limited 
extent, and were confined to the defences of places forming 
the early centres of population. As human invention was 
developed, these, in their turn, were found to present no 
serious obstacle to an assault by escalade ; giving to the 
assailed only the temporary advantage of a more com- 
manding position ; and they gave place to walls of dressed 
stone, or brick, whose height and perpendicular face alike 
bade defiance to individual attempts to climb them, or the 
combined effort of an escalade. I"rom the tops of these in- 
accessible heights, sheltered in front by a parapet of stone, 
and, in some cases, by a covered corridor behind them, the 
assailed could readily keep at bay any enemy, so long as 
he could be attained by their missiles ; but having reached 
the foot of the wall, he here found shelter from these, and, 
by procuring any cover that would protect him from ob- 
jects thrown from above, could securely work at effecting 
a breach by mining. It was probably to remedy this 
defect of simple vtalls that towers, which at first were 
nothing more than square or semicircular projections 
built, from distance to distance, in the wail itself^ were fii-st 
devised ; and which subsequently were not only enclosed 
throughout, but divided into stories, each of which was 
provided with loop-holes, to flank the adjacent towers and 
the straight portions of the wall bet\veen tliem. Each 
tower could be isolated from the straight portion of the 
walls adjacent to it, by an interruption at the top of the 
wall, over which a communication between the tower and 
wail could be established by a temporary bridge. 
11 
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272. These formidable defences were, in their turn, found 
to be iuenfBcicnt against the iiigennitj and skill of the as- 
sailant, who, bj means of covered galleries of timber, some- 
times above ground and sometimes beneath, gradually won 
his way to the foot of the wall, where, by breaking liis way 
throngh it, or by undermining and snpporting it on timber 
props to be 6ubBet[nentIy destroyed by fire, he removed the 
sole obstruction to a bodily collision with the assailed. 

These methods of assault were in some cases supported 
by means of high mounds of earth which were raised in an 
inclined plane towards the walls, and sometimes earned 
forward to them, from the top of which the assailant, by 
the erection of wooden towere, covered with raw hides to 
6ecnre them from being bnnit, could command the interior, 
and, driving the assailed from the walls, gain a foothold on 
them by lowering a drawbridge from the wooden tower. 

2*73. These changes in the attack led to new modifications 
in the defence, which consisted in snrronnding the place by 
wide and deep ditches, of which the wails formed the scarp, 
the counterscarp being either of earth or revetted. This 
placed a formidable obstacle to the mode of attack by rain- 
ing, and also to the use of earthen mounds, as these last 
had to be constructed across the ditch before they conld 
gain sufficient proximity to the wall either to form a com- 
munication witli its top, or to hreach it by means of the bat- 
tering-ram; the ditches also were filled with water when- 
ever tliis obstruction could be procured, and when dry they 
formed a defile through which the assailed often sallied 
upon the assailant with success when found at a disadvan- 
tage in it. 

2'74. The gigantic profile often given to the fortifications 
of antiquity seems almost incredible, as well as their extent. 
In many cases a double wall of stone or brick was filled in 
between with earth, forming a wide rampart upon which 
several vehicles could go abreast. Not only was the space 
enclosed by some of these fortifications that requisite for 
the habitations, but ground enough was taken in to add 
considerably to the food of the inhabitants and cattle, for 
the long periods to which blockades were in many cases 
extended, when all other means of reducing the place had 
failed. 

The wall built by tlie Eomans, between Carlisle and 
Keweastle, to restrain the incursions of the Picts into the 
southern portions of the island, was sixteen miles in extent, 
about twelve feet in height, and nine feet in thickness. The 
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extent and dimensions of this work sink almost into insigni- 
ficance wlicn compared wit.li those of tlie celebrated wall 
of Cliina, built to restrain tlie iucnrsions of the Tartars. 
This structure is about 1500 Englisli miles in length ; has a 
lieight of 27 feet ; its thickness at top is 14 feet. The lower 
portion of it is built of dressed stone, the upper of well 
burned brick. It is flanked at distances of about 80 yai'ds 
apart by towers in whicli iron cannon are found. 

In the great extent it embraces, it necessarily croEses 
hills and valleys, and in many places important deliles. An 
examination of its parts has shown that in its plan there 
was an evident design to adapt it to those features of its 
site, as it is well thrown buck to tho rear of difScult passes ; 
and at points where there is most danger to be apprehended 
from attempts of invasion, there are several walis in suc- 
cession, 

275. Tlie mode of attack of fortified places resorted to by 
the ancients was reduced to settled rules, and brought to 
the highest state of perfection by the Greeks, about the 
epoch of Alexander the Great and the immediate successors 
to his vast conquests. An essential feature in it, whether 
in the sieges of inland fortresses or those on the seaboard, 
was to cut ofl' all communication between the place and 
the exterior, by hemming it in by sea and land, with 
stationary forces, covered themselves by lines of intrench- 
menle strengthened by towers, and, in the case of sea-coast 
places, also Dy fleets, from ail assaults both from without 
and from the place invested. 

Having selected the portions of the place on which the 
attack was to be directed, a second line was formed parallel 
to the first, whicli was covered, and constructed of timber 
and wicker-work, and secured with raw hides to prevent 
its being set on fire. From this sheltered position, which 
served also the pui-poses of a lodging for the besiegers, the 
besieged were annoyed with missiles thrown from all the 
artillery known in that day, consisting of tlie ordinary bow, 
the cross-bow, and the various machines for projecting lieavy 
stones and other projectiles. 

Under tho diversion thus made, the besiegers pushed for- 
ward from this line several covered appi-oaches of a like 
conslruction directly upon the place, for the pui-pose of 
gaining the counterscarp of the place, and from ihat posi- 
tion filling up the ditch with stones, earth, heavy iogs, &c., 
to prepare the way forplacing the battering^-ram in position 
to breach the wall. The tower in wiiich this machine was 
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placed Ttsnally consisted of several stories, and was occn- 
pied by troops who cleared the top of the wall assailed of 
the Lesiegea. This operation was frequently aided by 
other high towers, which were advanced either along the 
natnral level of the ground, or upon artificial mounds form- 
ing inclined planes, towards the place, by means of which 
the towc-i-s could be given any desirable command over the 
interior, 

276. The defence was mostly of a passive character; 
the besiegers triistiug mainly to the strength of their de- 
fences, under cover of which they resorted to all the means 
used by the besiegers, for attaining the latter wlien they 
came within reach of their missiles ; using cranes and otlier 
devices to seize upon the implements planted at the foot of 
the wall, and carrying out galleries of countermines to over- 
whelm the artificial mounds and their towei-s. 

271. The Romans evinced their decided military apti- 
tude, not only in the employment of the ordinary systematic 
methods of the attack and defence of fortified places, but in 
their application of the cardinal principle of mutual defen- 
Bive relations between the parts of a fortified position, ob- 
tained by advanced and retired portions of the enceinte ; 
and also in the adaptation of intrenchments to the natural 
features of the site, as shown in the fortifications of some of 
the permanent frontier camps of their military colonies. 
These principles have also been noticed in some of the for- 
tified positions of India, which consist of a mnnil enceinte 
with the earthen ramparts iianked by round towel's, and of 
round towers in advance of the enceinte connected with it 
by caponni^res. 

With the decadence of the lioinan Empire, the art of 
fortification, like the other branches of the military art, was 
brought to 80 low a stage that strongholds which, skilfully 
defended with energy, would have baffled the efforts of a 
well-trained assaitant in the art of attack, fell, almost with- 
out resistance, into the possession of the fierce northern 
hordes, by which the whole of civilized Europe was over- 



278. The remains of the structures raised for defensive 
purposes, durin}; the prosperous days of the Empire, were 
proliably the sole means ot protection afforded to the inhab- 
itants of the towns that still maintained a nucleus of popu- 
lation, until the rise of the Western Eiiipire, under Charle- 
magne ; and it was the necessitv felt by this conqueror, not 
only of securing his conquests, Imt of checking the in-up- 
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tions of the barbaroiia tribes along hie extended frontier, 
which led liiin to erect tetes-de-jpoiit on tiie frontier rivers, 
and a line of strong towera, for garrisons of a few men, 
upon the moat inaccessible and prominent points of this 
frontier ; the latter being a means which was subsequently 
resorted to for a like purpose in the Spanish peninsula. 

Henry L, of Germany, introdnced a more important and 
more systematic addition to these permanent tVoutier de- 
fences, by surrounding the frontier towns and villages, 
occupied by military colonists, with walls aTid ditches, to 
secure them from such attacks as they might be exposed 
to, and subsequently adding a second Une of strongholds 
within the frontier, by which an irruption tlirougli the fron- 
tier line might still be checked. 

279. Dui'ing the general disorganization ot states under 
the feudal system, the free cities, which depended for 
their defence on the burghers composing the different 
crafts, every individual who could maintain a few retain- 
ers in his pay, and the clergy, even, rraorted — aach accord- 
ing to their separate views— to such moans of defence as 
would best secure them from the attacks of others in a like 
condition, and would enable them to carry out that system 
of pillage which had become general amongst the nobles 
and other militaiy chieftains. 

280. From this state of society sprung up those castles, 
placed in the most inaccessible positions on the luies of 
communication which the little inland commerce that was 
still carried on was obliged to travei-se. These were pro- 
vided with every possible device for an obstinate passive 
defence, being surrounded^by a wide and deep ditch, or 
moat, over which a drawbridge was the only communica- 
tion to the main entrance, which was flanked by towei-s on 
the exterior, and closed with massive dooi's; the tortnoua 
parage which led from them to the interioi- of the castle 
being further secured by a grated portcullis, which conld 
be let drop at a moment.^ notice, to arrest a sudden 
assault. 

To these means were often joined, besides the ordinaiy 
measures of loop-holes and machicouUs in the wails and 
towers for annoying the assailant, a high interior tower, 
termed a keep, or donjon, which, commanding the exterior 
defences, was also a watch-towei- over the adjaceut 
country. 

The keep, which was the last defensible point, was, in 
some cases, provided with a secret subterranei 
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having its outlet in somo distant concealed spot, through 
which succor could be introduced iuto the beleaguered 
castle; and, in the last extremity, the garrison find safety 
ill a stealtliy flight. 

281. The fortifications of towns partook of the same cha- 
racteristics as those of castles. From the custom of assign- 
ing to the different burgher crafts, each of which liad an 
independent military organization, the exclusive guardian- 
sliip of portions of the enceinte, as well as their erection 
and repaire, great divei-sity, and frequently a whimbicality, 
in the defensive arrangements was tlie natural result; the 
evidence of which stiU exists in the remains of the walls 
of sonic of the old Continental cities. The art, for the 
most part, was practised by ambulatory engineers, who, 
like the secret ordei-s by whom the bridges and churches 
of the same period were bnilt, offered their services wher- 
ever they were wanted. Many ideas were also introduced 
from the East by the Cnisaders, as exhibited in the fortifi- 
cations of castles and cities belonging to the Templars and 
other religious military ordei'S. 

282. With the invention of gunpowder, and its applica- 
tion to military purposes, a gradual revolntion took place 
in the general forma and details of forlification. It was 
soon seen that naked walls alone did not offer either suit- 
able conveniences for the new military machines, or suffi- 
cient protection against the projectiles thrown from them. 
This led to the introduction of eartlien ramparts and para- 
pets, which were placed against the walls and suitably ar- 
ranged to meet the exigencies of the moment. The art 
received something like a scientific basis about this time, in 
Italy, from which the names and forms of most of the ele- 
ments of fortification now in use are derived. The Italian 
engineers, like their predecessore, went from state to state 
to offer their services wherever they were needed, and in 
this way disseminated the principles of their school through- 
out Europe. 

283. It was at this epoch that the bastioned form of for- 
tification first appeared, but the precise date and the author 
of the invention are both unknown. With its introduction 
the importance of separating the parts of a line of fortifica- 
tion into advanced and retired parts, the latter flanking and 
defending the former, seems to nave been recognised as an 
essential principle of the art. With these changes in the 
form of the enceinte, the art was gradually improved by 
the addition of outworks to increase the amount of cross 
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and flank tire ; tiie introduction of bomb-proof shelters for 
tlie troops and other purposes; the substitution of earthen 
for stone parapets ; and the attempt to conceal the scarp 
walls from the enemy's batteries by decreasing the conunana 
and deepening the ditches of the enceinte. 

By these gradual changes stone walla, which in the old 
fortification a were the essential defensive features, came at 
length to be regarded in their true character, simply as pas- 
sive obstacles to an open assault by escalade. The proper- 
ty of eartlien parapets, of resisting without material loss of 
strength the long-continued iire of the assailant's heaviest 
gans, showed that the same defensive means were applica- 
ble both to works of a permanent and of a temporary char- 
acter ; and were equally available for the purposes of the 
assailant and the assailed. The measures for the attack and 
the defence of positions were tiius reduced to tlie same gen- 
eral principles, diifering only in the forms and dimensions 
of the elementary parts, as circumstances seemed to de- 
mand. 

284. Italian School. As above stated, the fii-sfc employ- 
ment of bastions as they now exist was made by the Italian 
engineere; and, as far as has been ascertained, towards the 
close of the fifteenth or the commencement of the sixteenth 
century. To whom the credit of their invention is duo is 
not known. Iti the earlier fronts of the Italian school the 
bastions are very email, and they are connected bj- curtains 
varying from 250 to 500 yards in length. The bastion flanks, 
which were pei-pendicular to the curtains, were divided into 
two portions; that next to tlie curtain, which was one-third of 
the entire flank, was thrown back and covered by the por- 
tion in advance, which thus formed what received the name 
of the orillon. The lower part of the retired portion was 
caseraated for cannon ; ana behind this, and separated from 
it by a dry ditch, rose a second flank, having the same com- 
mand as the other pai-ts of the enceinte parapet. In some 
cases a small and very obtuse bastion was erected at the 
middle of long curtains. 

The ditches of the enceinte were sisualiy about 100 feet 
wide and 34 feet deep ; the counterscarps being parallel to 
the bastion-faces, 

A scarp gallery, for the purpose of mining, ran through- 
out the enceinte scarp, and communicated with galleries 
leading to other points. 

Tlie parapets, at first of masonry, were afterwards of earth, 
and from 18 to 24 feet thick. The earth of the rampart 
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was sustained on the interior bj a wall. Kamps estab- 
lished a cominiini cation between the interior and the ram- 

irly fronts were soon felt, and a 
more complicated but improved method adopted, in which 
the bastions were enlarged and the cm-tains diminialied. 
The retired flanks were still retained, bnt the orillon instead 
of being angular was rounded. To these improvements, 
cavaliers were sometimes added to the bastions, which in 
those cases were made withont I'etired flanks ; or placed on 
the curtains, when, from the conflgnratioii of the site, some 
portion of the groond within cannon-range could not be 
swept from the enceinte parapet. The covered-way was 
introduced and became an integral part of the front ; and a 
small demi-lune or ravelin was placed in advance of the 
enceinte ditch, forming a iUe-de-j)ont to cover the coranm- 
nication, at the middle of the curtain across the main ditch, 
between the enceinte and the exterior. The covered-way, 
which at first was of uniform width and bordered the main 
and demi-lune ditches, was snbsequently provided with 
salient and reentering places -of-ari us. Tliese various essen- 
tial parte of a fortified front were gradually ainelioi'ated by 
the Italian engineers, but not before the Italian school 
had left its impress upon the fortification of all the other 
states of Eniope ; as the Italian engineers, from their supe- 
rior acquii'enients, were in demand throughout these states. 

285. Spanish School. From the existing foitifications 
of Spain, the influence of the Italian school may be traced, 
but modified by national charactenstics ; the works seem 
organized more for a purely passive defence ; the covered- 
way, that essential outwork to an active defence, being in 
many eases omitted ; the means of annoying the besieg- 
ere by fires being greatly multiplied ; and tlie outworks 
generally being arranged with a view to a purely paa- 
Bive defence. Besides this, the dimensions of the profile 
and height of scarp were increased as a greater security 
against escalade ; interior retrenchments were multiplied, 
sometimes enclosing a bomb-proof keep to render the de- 
fence more obstinate. 

The Spaniards, although resorting but little to sorties 
show great skill and pertinacity in the defence of breaches, 
and in availing themselves of all obstructions for prolonging 
resistance. 

From the broken character of many of tlie sites of their 
foitressos, the Spaniards resorted very much also to detacli- 
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ed works to occupy commanding points from which the 
main work could lie annoyed. 

These they alao generally organized for a strictly passive 
defence, leaving them more to their own resotircea tlian to 
any cooperation with the main work. 

"ass. Dutch School. This school took its rise in tlie po- 
litical necessities of the times, in which the national s^rit 
was aronsed to tlirow off an onerons foreign yoke. The 
aqnatic character of the country, and the want of time and 
pecuniary means, led to those expedients of defence which 
are never wanting under like circnmstances. The deficiency 
of earth led to the formation of low parapets for the main 
enceinte and wide ditches filled with water. The m.ain 
enceinte was nsnally preceded by a second one with a very 
low parapet to sweep the surface of the wet ditcli ; and 
this second enceinte was separated from the firet by a dry 
ditch, which favored sorties, and which was provided with 
all the means, as palisades, tamhonra, and block-houses, for 
offensive returns and surprises. Tiie second enceinte was 
geiiei-ally covered from an exterior command by a glacis in 
advance of the main ditch, Tlie covered-way between the 
glacis and tlie ditclies was, to a great extent, deprived of 
its essential offensive feature by an exterior wet ditch, 
made at the foot of the glacis and enclosing it, over wliich 
communication with the exterior was kept open by tem- 
porary bridges. 

The works were usually very much multiplied and their 
combination complicated ; featnres the less objectionable 
where tlieir defence chiefly rested upon the inhabitants who 
had become familiar with all their turnings, and as offering 
obseui'ity of design to an assailant who might force his way 
into them. The whole of the defensive measures of this 
school seem to have had solely for their object a strictly 
passive resistance. With this view long lines of intrench- 
ments, supported from distance to distance by forts, connected 
their frontier towns and villages, affording a sufficient ob- 
stacle to marauding expeditions, and requiring the efforts 
of a strong force to break through them. At a later pe- 
riod, taught by the experience of their earlier efforts against 
the most militai-y atate of that epoch, covers that wonld 
afford security against incendiary modes of attack were pro- 
vided ; and revetments of masonry substituted for the 
earthen slopes of the ramparts, particnlarly where the 
ditches were dry. These successive changes, partly iafln- 
eneed by the Italian and Spanish schools, with which the 
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Dutch engineers weve brought into contact through their 
coimcctioQ with Spain, were the natural precursors of the 
g'Stem of Coelioorn, the most distinguished engineer of tlio 
Dutch school, whose works are characterized by many of 
its essential features, 

287, German School. The Germans reckon a number 
of original writere on fortification, among the most noted of 
whom are the celebrated painter, Albert Durer, Daniel 
Speckles, and Kimpier. In the propositions of these writera 
are to be found the influence which the Italian school natu- 
rally exercised throughout civilized Europe, and the germs 
of many of the views held by the German school of the 
present day ; which last seem, however, to have been taken 
more immediately from the propositions of Montalembert 
and Cai'not, 

288, Swedieh School. The part played by Sweden upon 
the theatre of Etirope, under lier two celebrated monai'cha, 
Gustavus Adolphus and Charles XII., served to develop in 
this nation every branch of the military art, and produced 
a number of distinguished generals and engineers, who com- 
bined with the practice of their profession, a study of its 
theory. Among the engineei-s of this school, Virgin holds 
the fii-st place. 

The climate and the nautical habits of tlie eountiy seem 
t» have led to land defences analogous to those of ships, as 
shown in the uses of casemated battei-ies in several tiers, 
both lor sea-coast and inland fortifications. In tins school 
tJie bastioned system seems to have been generally adopted 
for the enceinte, great attention being paid to covering the 
faces of tlie works from enfilading fii'e ; in providing case- 
mates having reverse views on the besiegers' works'; and 
pai-ticularly in so ai-ranging the interior dispositions that 
each part should not only contribute to the defence of the 
others, but be capable of an independent resistance. These 
dispositions necessarily led to great complication and mul- 
tiplicity of works, as shown in the writings of Virgin. 

289, French School, What may be termed the charac- 
teristics of this school are to bo seen rather in the method 
of Cormontaingne, and the teachings of the two celebrated 
scliools of Mfeieres and Metz for tlie education of engineere, 
than in the practice of Vauban, although his authority has 
exercised a preponderating influence througliout Europe, 
and is stiil appealed to, in all great problems of the art, by 
each side in polemical disputes. 

The Erench Iiave evinced in this, as in al! the other arte, 
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that Bpiiut of systematic combination which forms one of 
their most striking national traits. Without excluding an 
active defence, the most noted authors of this school liave 
based their methods more upon a combination of elements 
by which the besieger's progress can be cheeked step by 
step by the tire of the works tlian by sorties. Until within 
the last thirty or forty years the French school was perhaps 
open to the reproach of a too exclusive method, and a sub- 
jection to mere authority. Tliis accusation, however, was 
true rather of the polemical writings of tlie present day, 
growing out of the propositions of Montalembert, than of 
Uie practice of the French engineers ; and it waa in a meas- 
ure strengthened by a misconception of the real puj-poses of 
the instruction given in their schools of pi-ofessional training. 
Still recognising in Vauban and Oomiontain^ne the chief 
founders and authorities of their school, the French engi- 
neers of tlie present day discard no defensive element that 
has stood the test of experience, or is consonant with sound 
professional views ; basing their art upon incontrovertible 
principles, its practice is made by them to conform to the 
exigencies of each case aa presented by its own data. 



290. The introduction of cannon, althongli it led to 
important changes in tlie measures both of the attack and 
defence, still did not, for a considerable period, bring about 
any very decisive results in the length of sieges. The 
means which it afforded the defence of reaching the besieg- 
ers at a distance, and of destroying all the meuiods of ap- 
proaching and annoying the place which had been hitherto 
used, led to the substitution of the ordinary trenches of the 
present day for the wooden galleries and other similar ex- 
pedients for approaching under cover, and to tlie erection 
of batteries at distant points to open breaches in the walls. 

Lines of circu nival! at ion and countervallation, which 
formed so prominent a feature previously to this epoch, was 
the only one which still kept its place, as it has done to a 
greater or less extent to the present day. For the purpose 
of effecting an entrance into the place, breaching batteries 
were erected opposite the points deemed most favorable. 
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TJiey were placed eitlier on natural elevations of the ground, 
or upon artificial mounds, with the object of attaining the 
wall to be opened near its foot, and to form a breach of easy 
aacent. These batteries were enclosed in works of snflicient 
size and strength to hold garrisons to secure them fi'om 
sorties. The approaches ■were made as at present, by zig- 
zags along the capitals of the salients to the connterscarp, 
where a covered descent was made into the ditch opposite 
the breach preparatory to its assault. When the wall was 
not exposed to a distant fire, the besiegers were obliged to 
cari-y tlie covered-way by assanlt, and establish their breach- 
ing batteries on the crest of the glacis. 

In carrying forward these works the besiegers were sub- 
jected to great losses and delays, owing to the magnitude 
and multiplicity of the works they -were obliged to com- 
plete ; to the imperfect character of their artilleiy and the 
faulty position of their batteries, by which they were unable 
to keep under the fire of the place ; the want of connection 
between the 'sepai-ate approaches, and the consequent ex- 
posure of the workmen in the trenches to sorties, tlie troops 
tor their support being too distant in the enclosed works ]n 
the real' to give them timely succor; besides which, fis 
these enclosed works naturally became the cliief objects for 
the fire of the besieged, this agglomeration of troops in 
them added materially to the losses of the besiegei-s. 

Owing to these imperfections in the measures of attack, 
the besieged were able to make a vigorous and prolonged 
defence; and sieges became the most important military 
operations of this period, in which captains of the greatest 
celebrity sought for opportunities of distinction. 

291. But little deviation was made in the methods just 
described until Vauban appeared upon tlie scene. Pre- 
viously to him, Montluc, a distinguished French general 
and engineer of his day, had introduced short branches of 
trenches, which were run out from the angles of the zig- 
zags, to post a few troops for the immediate protection of 
the workmen ; but. these were found to be very insufficient 
in repelling sorties of any strength. 

The event which seems to have had the greatest influ- 
ence on the subsequent progress of both the attack and 
defence was the memorable siege of Candia, in which 
volunteers from all parts of Europe engaged, and who, 
after its close, disseminated throughout their i-espective 
countries the results of the experience tliey had there ac- 
quired. 
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Whether the idea of tho parallels, now in use in tho 
attack, originatecl there, or with Vaiibaii, thia eminent man 
was the first to establish them in a systematic manner, and 
to demonstrate by experience their controlling importance 
in repressing sorties. The introduction of this important 
element in Uie attack ; the concentration of the fire of bat- 
teries, by giving them enfilading positiojis ; the invention 
of the ricochet, as the most powerful destructive means 
against the defences ; the avoidance of open assaults, 
■wnicli, even when successful, are made at a great sacrifice 
of life, preferring to them the less brilliant but slower 
method of skill and industry, by which the blood of the 
soldier is spared, and the end more surely attained, such 
are the important services which the attack owes to Van- 
ban, which has given it its present marked superiority over 
the means of defence, and to which the science and expe- 
rience of engineers since his day have added nothing of 
marked importance, 

292. Remarks. Whilst the attack has tlius been brought 
to such a state of perfection, and its destructive means are 
still on the increase, from the rapid improvement daily 
making in the range and certainty of aim of cannon, the 
means of defence, so far as relates to fortifications alone, 
ai'e but little if at all in advance of what they were in the 
time of Vauban, 

Upon the chief defects and wants of the art there exists 
but slight divergence of opinion among engineers gene- 
rally ; not so with respect to the remedy ; opposite opin- 
ions being frequently drawn from the same class of facts, 
and the same authoi'ity being frec[ueutly cited to sustain 
opposite views. Whilst each new disputant denounces 
systematizing and the systems of othera, his remedy tor the 
abuse complained of is usually a system of his own, which 
not unfreqnently is bat a combination of the disjecta inem- 
hra of those of othere. 

The sum of tho whole matter is, that fortification is an 
art the component elements and principles of which are 
few and simple. Its efttciency consists neither in short lines 
of defence nor long lines of defence; neither in large nor 
small bastions, nor in the adoption of this or that system ; 
but in the j ndicious adaptation of these principles and ele- 
ments to the locality to be defended, and the purposes of 
the defence. In this resides the excellence of the engineer's 
art. He who should combine his elements in the ari-ange- 
ment of a small work with a weak i^arrison as he would in 
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one intended for the occupation of an extensive position by 
a large force, or should bhndly adopt the same methods for 
an irregular site that he would for a horizontal one, what- 
ever his acquisitions or pretensions may be, has but a small 
claim to the title of military engineer. 

From the preceding brief summary, it will be seen 
that the art of fortification, in its progress, has Itept pace 
with the meastires of the attack; its successive changes 
having been brought about by changes either in the arms 
used by the assailant, or by the introduction of some new 
mode of assault. The same causes mnsfc continue to pro- 
duce the same effects. At no past period has mechanical 
invention, in its bearing on the military art, been more ac- 
tive than at the present day. The improvement that has 
already been made in the range and accuracy of aim 
of both small-arms and cannoti, the partial adoption of 
wrought-iron and steel for floating batteries and sea-coast 
defences, point to the commencement of another epoch in 
the engineer's art. The great improvement in cannon will 
give to the asaailant a still wider range in the selection of 
positions for his batteries, and will thus increase the difli- 
cnlties of the engineer in adapting his works to the site, and 
in giving adequate shelter to the garrison and armanent. 
Whilst the defence will be to this extent weakened, the ap- 
proaclies of the besiegerwil! be rendered more perilous and 
more tlifScult from the greater range and accuracy of small- 
arms. 

The great destruction of life in open assaults by columns, 
exposed within so long a range, mnst give an additional value 
to mtrenched fields of battle ; and we may again see lield- 
works play the part tliey did in the defence of Sebastopol, 
and positions so chosen and fortified, that not only will the 
assailant bo forced to intrench himself to assail them, but 
will find the varying piiases of his attack met by corre- 
sponding changes in the defensive dispositions. 

293. Ill our own country, from the circumstances of our 
position, permanent fortification has met with its most fre- 
quent applications in works planned for sea-coast defence, 
in which our engineers, without scfviiely copying any of 
the systems in vogue in Europe, have followed the bas- 
tioned system, wherever the works were of such an extent 
as to admit of its application. 

In the larger works erected by them for sea-coast defence, 
the water-fronts consist of one or more tiers of easemated 
batteries, surmounted by one in barbette, whilst the land 
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fronts coiieiat of the usual rampart and parapet arranged for 
open defences. 

In the emaller works, which, from the limited extent of 
their fronts, did not admit of the adoption of tJie bastioned 
system, flanking dispositions Iiave been made, either by 
casemated caponnieres or connterscarp galleries. 

Wherever the site was very limited, and a large amoniit 
of fire in a given direction was desirable, as in the oases 
of islands (eithei" natural or ardficial) to be occupied on the 
line of a channel to a roadstead or harbor, tlie castellated 
form, consisting of several tiers of casemates, surmounted 
by a barbette battery, has been adopted. Tliese works are 
generally so surrounded by water as to be secure from an 
open assault, and therefore not reCLuiring flanking disposi- 
tions. Wlierever, however, it has been thought necessary 
to place these, small bastioned towers have been added at 
the salient angles of the work. 

Wiiilst thus adiiering to well-settled principles, and fol- 
lowing the practice of the best European anthorities, our 
engineers have contributed tlieir share to tlie improvement 
of the details of tlie art. The works ei'ected by them 
within the last half-century are remarkable for the excel- 
lence of the materials employed, the great skill shown in 
their construction, and the care with which every detail 
was woi-ked out to subserve the object in view. In tliese 
respects — in the inventive genius often displayed — and in 
the adaptation of the pJan to the site, it is not claiming too 
much to say that the works erected by them are not sur- 
passed, and in some points not equalled, by any similar 
works in Europe. 

As to what future changes will be called for in perma- 
nent fortifications, both for inland and sea-coast defence, 
time alone can develop. Judging from the increasing 
size and range of cannon, and their greater destructive 
etfects, it is probable that wronght-iron will have to be 
substituted for stone in positions wliere the latter is exposed 
to the heavy projectiles coining into use, as tliis material and 
earthen parapets will alone afl'ord an indestructible cover 
against such projectiles. Still, when we look to the time 
and care which are given to the erection of permanent 
works, the great superiority they have over temporary 
structures for the planting and handling the heaviest 
cannon, besides the difficulty which the transportation of 
such enormous weapotis offers to their use by tlie assailant, 
there is no reason why these changes should not inure 
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to tlie advantage of the defence, both on land and -water 
fronts. 

In the defence of bavbors and rivers against tbe most 
imposing means of attack by beavily-armed iron-clad 
steamers, there is every reason to suppose tliat an adequate 
means will be found, in floating and stationary obstructions, 
like booms i:nd torpedoes, combined with iroii-ciad floaling 
bfitteries, to secure them from al! Jiazard. 
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